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SUMMARY 
Introduction 
There are around 2000 species of birds in Indian subcontinents (Aii & Ripley, 1987) 
including the migrants which conie during winter to this part of the world. These 
birds are distributed in wide range of habitats such as woodlands, grasslands, 
riparian, oceans and wetlands. 
Around 58.4 million hectares of India comes under wetlands (Annon. 1993) and 
most problems in India's wetlands are related to human population. Of the 1200 
species found in India, around 22% are totally dependent on wetlands. One of such 
groups whose population is declining at a fast rate are storks. 
The storks betong to dass Aves, order Ciconiiformes and family Ciconiidae. There 
are 19 species of storks in the world (Kahl, 1968). of which 15 are regionally 
threatened. Tropical Asia and Africa have the largest concentration of stori<s in the 
workj. 
Eight species of storks have been reported from India (All & Ripley, 1987). The 
Painted stork {Mycteria leucocephala), Openbill stortc {Anastomus oscitans), 
Blacknecked stork {Ephippiorhynchus asiaticus), Whitenecked storic {Ciconia 
episcopus). Lesser adjutant storit {Leptoptilos javanicus) and Greater adjutant storic 
{Leptoptilos dubkis) are the resident species. The Black stork {Ciconia nigra) and 
White stork (Cicorita ciconia) are winter migrants. 
The study at Keoiadeo National Park. Bharatpur were carried out with the following 
objectives: 
1. to study the feeding ecology of the four resident species of storks 
2. to study the breeding biology of Whitenecked stork and Blacknecked stork 
3. to study the reproductive success of colonial breeders 
4. to study the habitat utilisatk)n by storks 
5. to study the tvne budget of storks 
Methods 
Different methods have been adopted to record data on various aspects. Data on 
the foraging behavkxjr were collected on four species of storks after taking dose 
observatk>n on the feeding mo6e of birds and accordingly the paranneters and time 
allotted to each bird. There was no sexual dimorphism among storks except for 
Blacknecked storit where distinction coukJ be made separately as male and female 
in the fiekl. Observatkms were nnade for male and female birds once in a week 
when seen foraging between 0600-1000. 1000-1200. 1200-1500 and 1500-1800 
hours for full day. I used "Yocal animal sampling' described by Altman (1974). 
Information was collected continuously for 30 minutes period with a break of five 
minutes. 
The observations on the foraging t)ehav)our of Painted, Openbill and Whitenecked 
storks were taken in the same manner with one extra parameter namely the group 
size as they forage in group. 
It was difficult to find nests of a solitary breeder like the WNS which prefers to nest 
in dense trees while Blacknecked stork was quite conspicuous as it prefers top 
canopy of the tree for nesting. AH the nests were located by following individual 
birds collecting nesting material to the trees. The incubation period was observed 
from the ground without hide to minimise the disturbance and chances of nest 
abandonment After hatching, systematk: observations of the bird's activities at the 
nest were carried out with binoculars and telescope from hkles 12 m apart from the 
nest and 12-15 m at)ove the ground or depending upon the height of the nest. Data 
were collected on type of the prey brought to the nest and behaviour at the nest 
wNle feeding, nest buikJing and other social activities of the birds. The observations 
were made throughout the day. The observations were divided by time of the day 
into three shifts such as 0600-1000, 1000-1400 and 1400-1800 hours. The anival 
tiips of the adults were divided into different categories on the basis of the 
activities; 
i. number of trips to the nest which were further segregated into nesting material 
trip, watering bip and feeding trip, 
ii. different activities such as preening, guarding, feeding, nest cleaning and nest 
arranging and bnsoding of chnks relative to time of day and age of the chnks. 
To calculate the breeding success of Openbill and Painted storks, 60 nests were 
monitored from the period of egg laying through dispersal of young ones. Weekly 
data were taken on the number of eggs, number of chicks, survival of chicks and 
fledging of chicks. The water level around the nesting site was recorded regularly 
by marked wooden sticks. As all the nesting trees were tocated on mounds 
sunounded by water, nest counting was done by boat Counting of total nests and 
adults were done at the time of roosting, thrice in each nesting cokmy. 
Intensive vegetatkxi sampling was done at all the feeding sites of each of the four 
species of storks. A systematic random sampling design was followed. At each 
sampling point, a 0.5 m x 0.5 m quadrat with 25 subdivisions of each 10 x 10 cm 
was used to record presence and absence of species and cover values. A total of 
50 plots were sampled at each site. Pbts were placed at 5 metres interval. 
The feeding sites of Whitenecked stork were shallow water bodies between 
forested areas. These sites were sampled for trees, shrub and ground cover of the 
different plant species. Point-centred-quarter (PCQ) method (Muller-Dombois & 
Ellenberg. 1974) was used to sample trees and shrubs. 
Each nesting tree was sampled for knowing the detailed vegetatkm structure which 
can be later interpreted in terms of selectkxi strategies. Sampling was done around 
each nesting tree by using belt transect of 6m (3m on both sides) wkjth and 30 m 
length in four directkxis from the nesting tree. All the trees within this transect were 
identified. Measurements were taken from each tree for GBH (girth at breast 
height), height, tree species and canopy spread. Nest material and nest dimensions 
were also recorded. 
All t)ehavioural observations were taken using focal animai sampling method 
(Altman. 1974) where a single individual was followed throughout the observation 
period. Once in a week one full day observation was carried out to study different 
activities during different hours of the day. 
Results 
The Blacknecked stork forages in shallow waters, walking skiwiy with measured 
steps and probing in water and submerged vegetation. The time spent in handling 
was related to the size of the prey species. 
Feeding behavk>ur of the Painted stork was linked ck)seiy to environmental 
conditions such as presence or absence of aquatic vegetatkMi ani water turbidity, 
in calm. k>w turbidity areas the bird walked slowly with bill dipped in water and on 
touching a prey the bill was ck}sed immediately. Unlike many wading bird species 
that forage visually, it feeds by tactolocation. They walk through water with bills 
open and partially submerged and they catch fishes encountered during the activity 
but this feeding strategy requires high densities of prey. 
Openbill stork usually feeds by tactile or visual methods (KaM, 1971b). The staple 
diet of Openbill stork is Pila which is quickly extracted by probing bill without 
breaking the shell. 
The Whitenecked stork forages by walking slowly or standing, visually searching for 
prey in puddles or small water txxlies in forested areas and grasslands. Due to shy 
behaviour of the Whitenecked storks, substantial anr>ount of data could not be 
collected to compare with other species. 
There was large variatkm in the diet spectrum of Biacknecked stork and other stork 
species. The food species recorded in the diet of Biacknecked stork were birds 
such as shovellar (Anas clypeata), coot (FiiKa atra) and chicks of Pheasant-tailed 
Jacana (Hydrophasianus chirurgus); four spedes of fishes; Lanchi {Wallago attu), 
Singhi {Heteropneustes fossilis), Saul (Channa straitus) and Rohu {Labeo rohita); 
insects such as Dragon fly; and sn^ dces such as Checkered keelback (Natrix 
piscator). Some unidentified small food items were also taken. 
The Painted storks were observed feecfing on fishes the ktentificatkxi of which was 
not possible as they gulped them qukMy while Openbills mostly feed on Pila. 
The Principal Component Analysis (PGA), an ordination technique was performed 
on the foraging variables of BISKdcnecked stork. The first three foctors explained 
67% of the total variatfon in data. The first factor explained 30% variation, showed 
high loading for water level, steps and food species. The second factor accounted 
for 20% of variatkxi showed high loading for food size and nearest species. Third 
component explained 16% of variation showing high factor loading for species 
distance. 
In Painted stork, the first three PC's explained 67.3% of the variation in the foraging 
variables. The first component accounted for 35.9% of the total variance and 
showed high positive correlation with steps, grass height, group size and water 
level. The second component accounted for 20.4% of the total variance. This 
component was highly correlated with grass height and group size. The third 
component accounted for 11% of the total variance. The highest positively 
correlated factors were inter-specific distance and shore distance. 
The PCA extracted three components with total variance of 57% in Openbill storic. 
The first PC was positively correlated with inter-spedfic distance and distance to 
shore. The second component accounted for 20% of the variance. This component 
was positively correlated to steps and peck rate. The third component accounted 
for 14% of the variance. This factor accounted for highest variability in group size 
and distance to shore. 
Total of 15 nests of Whitenecked stork were found during 1994-1996. Of the 15 
nests found, two were selected for intensive study on the behaviour of the birds, 
the mean height of the nests from the ground was (mean ± s.d.) 4.5 ± 1.3 m (n=6). 
The nests were constructed from dead sticks of Mitragyna parvifolia with lining of 
grasses and were deep enough to hkle the chicks. Ttie mean depth, length and 
breadth recorded for the nests were 14.74 ± 10.50. 93.45 ±41.19, 67.97 ± 39.93 
(n=4) cm. 
Both sexes take part in nest construction and incubation. Although there was no 
sexual dimorphism, on closer observation through hide, the colour differences on 
the face of the adults were clear. The incubation period recorded was 30 days. 
The chicks were brooded for about a week by the adults and they were not fed for 
four days. The chicks were young and vulnerable so the parents were always there 
till the age was 33 days. After 55 days, chicks left the nest. 
The calculated percentages of activities performed on the nest by male and female 
Whitenecked stod( during different stages of chk:ks revealed that there was no 
difference in the time spent on activities by the two sexes. There was no significant 
difference for parental investment between the two sexes (p>0.001). 
Total 12 nests of Blacknecked stork were located inside the Park. Two accessible 
nests were selected for intensive study. The observatkm on the courtship and 
incubation were taken from the dyke with telescope and hkJe was placed after 
hatching. The mean depth, length and breadth of the nests recorded were 133.84 ± 
32.66.109.3 ± 39.99,19.5 ± 12.62 (n=5) cm (mean ± s.d.) respectively. The mean 
time spent on mating was 15.11 ± 5.08 (n=9) seconds. The incubation period 
recorded was around 45 days. The chrcks were guarded for a k>ng time by the 
parents. After 60 days, the juveniles left the nest. There was no significant 
difference (p>0.0001) between the parental investment of a male and a female 
Blacknecked stork in chick rearing. 
A total of nine species of trees were recorded at the foraging sites of Whitenecked 
stork. Acacia nilotica occurred in highest density i.e..46.2 trees/hectare and was the 
only species with an IVi of 180 folk>wed by other dominant species. The foraging 
site of Biacknecked stork and Whitenecked storks differ to a great extent in the 
composition of plant species. Wetland areas with more aquatic vegetation such as 
Paspalum disUchum, Eleocharis diJcis, Echlnocloa colonum and Cyperus rotundas 
were frequently utilised by the Btacknecked stork. 
There was significant difference (X'=34.75, p<0.001) in mean water depth of the 
foraging sites of Biacknecked and Whitenecked storks. 
There was slight difference in the foraging sites of Painted and Openbill storks. All 
the feeding sites of Painted stork were characterised by area where aquatic 
vegetation comprised of Algae, Ipomea aquatica, Hydrilla verticUata, Echinocloa 
and Eleocharis dulcis whereas Openbill stork fed at sites dominated by species 
such as Paspalidium and Vetiveria zizanddes. There was no significant difference 
between (X^^LGG, p>0.05) in the water depth of foraging sites of Openbill and 
Painted storks. 
The habitat utilised for nesting by the Biacknecked and Whitenecked storks differed 
to a great extent in terms of species preference and locatkm of nest on the tree. 
The Biacknecked preferred top canopy of the tree while Whitenecked stork nested 
in the middle, dense, hklden strata of the tree. 
I performed Principal Component Analysis (PCA) on all variables of the nest-site 
characteristics. The first three PC's explained 70% of the variation in Blacknecked 
storic. The first component accounted for 30% of the total variance. The first PC is 
highly positively correlated with canopy spread, GBH (girth at t)reast height) and 
distance to road from the nesting tree. The second component accounted for an 
additional 27% of the total variance and third compor>ent accounted for 13% of the 
total variance and was highly positively conelated with water level. 
There was significant difference (p<0.0001) between the nesting and non-nesting 
tiees of Blacknecked stork. 
The nest-site variables for Whitenecked stork explained 98% of the variance. The 
first component accounted for 51% of tiie total variance. The first PC is highly 
positively correlated with GBH, water source outside the Park and distance to road 
firom ttie nesting tree. The second component accounted for an additional 36% of 
the total variance. This component was positively correlated with canopy spread, 
distance to nest of other species and water source outskle the Paric. The tNrd 
component accounted for 11% of ttie total variance. Tree height was positively 
correlated with this factor. 
There was significant difference (p<0.0001) between height, canopy spread and 
GBH of nesting and non-nesting trees of Whitenecked stories. 
10 
I took observation on the behaviour of the four species of storks. Not much 
informatbn could be collected on the four species as Painted. Openbili, 
Whitenecked stork leave the Park after January while Blacknecked stork is the only 
species that stays in the Park throughout the year. The t-test showed no significant 
(p>0.0001, df=2851. t=-1.6198) difference in the activities of male and female 
Blacknecked storks. 
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Introduction 
There are around 2000 species of birds in Indian subcontinents (Ali & Ripley, 1987) 
including the migrants which come during winter to this part of the world. These 
birds are distributed in wide range of habitats such as woodlands, grasslands, 
riparian, oceans and wetlands. 
Around 58.4 million hectares of India comes under wetlands (Annon. 1993) and 
most problems in India's wetlands are related to human population. Of the 1200 
species found in India, around 22% are totally dependent on wetlands. One of such 
groups whose population is declining at a fast rate are storks. 
The storks belong to dass Aves. order Ciconiiformes and family Ciconiidae. There 
are 19 species of storks in the world (Kahl, 1968), of which 15 are regionally 
threatened. Tropical Asia and Africa have the largest concentration of storks in the 
worid. 
Eight species of storks have been reported from India (Ali & Ripley, 1987). The 
Painted storic {Mycteria leucocephala), Openbill storit {Anastomus oscitans), 
Blacknecked stork (Ephippiortiynchus asiaticus), Whitenecked stork (C/con/a 
episcopus), Lesser adjutant stork {Leptoptilos javanicus) and Greater adjutant stork 
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{Leptoptilos dubius) are the resident spedes. The Black stork {Ciconia nigra) and 
White stork {Ciconia ciconia) are winter migrants. 
The study at Keoladeo National Park, Bharatpur were carried out with the following 
objectives: 
1. to study the feeding ecology of the four resident species of storks 
2. to study the breeding biology of Whitenecked stork and Blacknecked stork 
3. to study the reproductive success of colonial breeders 
4. to study the habitat utilisation by storks 
5. to study the time budget of storks 
Methods 
Different methods have been adopted to record data on various aspects. Data on 
the foraging behaviour were collected on four spedes of storks after taking dose 
observatkxi on the feeding nfKXJe of birds and accordingly the parameters and time 
allotted to each bird. There was no sexual dimorphism among storks except for 
Blacknecked stork where distinction coukJ be made separately as male and female 
in the fiekJ. Observations were made for male and female birds once in a week 
when seen foraging between 0600-1000. 1000-1200. 1200-1500 and 1500-1800 
hours for full day. I used "Yocal animal sampling' described by Altman (1974). 
Infonnation was collected continuously for 30 minutes period with a break of five 
minutes. 
The observations on the foraging behaviour of Painted, Openbill and Whitenecked 
storks were taken in the same manner with one extra parameter namely the group 
size as they forage in group. 
It was difficult to find nests of a solitary breeder like the WNS which prefers to nest 
in dense trees while Blacknecked stork was quite conspicuous as it prefers top 
canopy of the tree for nesting. All the nests were located by following individual 
birds collecting nesting material to the trees. The incubation period was observed 
from the ground without hide to minimise the disturbance and chances of nest 
abandonment. After hatching, systematrc observations of the bird's activities at the 
nest were carried out with binoculars and telescope from hides 12 m apart from the 
nest and 12-15 m above the ground or depending upon the height of the nest. Data 
were collected on type of the prey brought to the nest and behaviour at the nest 
while feeding, nest building and other social activities of the birds. The observatbns 
were made throughout the day. The ot)servations were divided by time of the day 
into three shifts such as 0600-1000, 1000-1400 and 1400-1800 hours. The arrival 
trips of the adults were divided into different categories on the basis of the 
activities; 
i. number of trips to the nest which were further segregated into nesting material 
trip, watering trip and feeding trip, 
ii. different activities such as preening, guarding, feeding, nest cleaning and nest 
arranging and brooding of chicks relative to time of day and age of the chicks. 
X I 
To calculate the breeding success of Openbill and Painted storks. 60 nests were 
monitored from the period of egg laying through dispersal of young ones. Weekly 
data were taken on the number of eggs, number of chicks, survival of chicks and 
fledging of chicks. The water level around the nesting site was recorded regularly 
by marked wooden sticks. As all the nesting trees were kx:ated on mounds 
sun-ounded by water, nest counting was done by boat. Counting of total nests and 
adults were done at the time of roosting, thrice in each nesting colony. 
intensive vegetation sampling was done at all the feeding sites of each of the four 
species of storks. A systematic random sampling design was followed. At each 
sampling point, a 0.5 m x 0.5 m quadrat with 25 subdivisions of each 10 x 10 cm 
was used to record presence and absence of species and cover values. A total of 
50 plots were sampled at each site. Plots were placed at 5 metres interval. 
The feeding sites of Whitenecked stork were shallow water bodies between 
forested areas. These sites were sampled for trees, shrub and ground cover of the 
different plant species. Point-centred-quarter (PCQ) mettiod (Muller-Dombois & 
Ellenberg, 1974) was used to sample tirees and shrubs. 
Each nesting tree was sampled for knowing the detailed vegetation structure which 
can be later interpreted in terms of selection strategies. Sampling was done around 
each nesting tree by u^ng belt transect of 6m (3m on both sides) width and 30 m 
length in four directions from the nesting tree. All the trees within this ti^nsect were 
identified. Measurements were taken from each ta'ee for GBH (girth at breast 
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height), height, tree species and canopy spread. Nest material and nest dimensions 
were also recorded. 
All behavioural observations were taken using focal animal sampling method 
(Aitman, 1974) where a single individual was followed throughout the observation 
period. Once in a week one full day observation was carried out to study different 
activities during different hours of the day. 
Results 
The Blacknecked stork forages in shallow waters, walking slowly with measured 
steps and probing in water and submerged vegetation. The time spent in handling 
was related to the size of the prey species. 
Feeding behaviour of the Painted stork was linked closely to environmental 
conditions such as presence or absence of aquatic vegetation and water turbidity. 
In calm, low turbidity areas the bird walked slowly with bill dipped in water and on 
touching a prey the bill was closed immediately. Unlike many wading bird species 
that forage visually, it feeds by tactolocation. They walk through water with bills 
open and partially submerged and they catch fishes encountered during the activity 
but this feeding strategy requires high densities of prey. 
Openbill stork usually feeds by tactile or visual methods (Kahl, 1971b). The staple 
diet of Openbill stork is Pila which is quickly extracted by probing bill without 
breaking the shell. 
X l l l 
The Whitenecked stork forages by walking slowly or standing, visually searching for 
prey in puddles or small water txxiies in forested areas and grasslands. Due to shy 
behaviour of the Whitenecked storks, substantial amount of data could not be 
collected to compare with other species. 
There was large variation in the diet spectrum of Blacknecked stork and other stork 
species. The food species recorded in the diet of Blacknecked stork were birds 
such as shovellar {Anas ctypeata), coot {Fulica atra) and chicks of Pheasant-tailed 
Jacana {Hydrophasianus chirurgus); four species of fishes; Lanchi {Wallago attu), 
Singhi {Heteropneustes /bss///s). Saul (Channa straitus) and Rohu (Labeo rohita); 
insects such as Dragon fly; and snakes such as Checkered keelback {Matrix 
piscator). Some unidentified small food items were also taken. 
The Painted storks were observed feeding on fishes the identification of which was 
not possible as they gulped them quickly while Openbills n[K)Stly feed on Pila. 
The Principal Component Analysis (PCA), an ordination technique was performed 
on the foraging variables of Blacknecked stork. The first three factors explained 
67% of the total variation in data. The first factor explained 30% variatbn. showed 
high loading for water level, steps and food species. The second factor accounted 
for 20% of variation showed high loading for food size and nearest species. Third 
component explained 16% of variation shov\nng high factor loading for species 
distance. 
X X V 
In Painted stork, the first three PC's explained 67.3% of the variation in the foraging 
variables. The first component accounted for 35.9% of the total variance and 
showed high positive correlation with steps, grass height, group size and water 
level. The second component accounted for 20.4% of the total variance. This 
component was highly correlated with grass height and group size. The third 
component accounted for 11% of the total variance. The highest positively 
correlated factors were inter-specific distance and shore distance. 
The PCA extracted three components with total variance of 57% in Openbill stori<. 
The first PC was positively correlated with inter-specific distance and distance to 
shore. The second component accounted for 20% of the variance. This component 
was positively correlated to steps and peck rate. The third component accounted 
for 14% of the variance. This factor accounted for highest variability in group size 
and distance to shore. 
Total of 15 nests of Whitenecked stori< were found during 1994-1996. Of the 15 
nests found, two were selected for intensive study on the behaviour of the birds, 
the mean height of the nests firom the ground was (mean ± s.d.) 4.5 ± 1.3 m (n=6). 
The nests were constructed from dead sticks of Mitragyna parvifolia with lining of 
grasses and were deep enough to hide the chicks. The mean depth, length and 
breadth recorded for the nests were 14.74 ± 10.50, 93.45 ± 41.19, 67.97 ± 39.93 
(n=4) cm. 
X V 
Both sexes take part in nest construction and incubation. Although there was no 
sexual dimorphism, on closer ot)servation through hide, the colour differences on 
the face of the adults were dear. The lncut)ation period recorded was 30 days. 
The chicks were brooded for about a week by the adults and they were not fed for 
four days. The chicks were young and vulnerable so the parents were always there 
till the age was 33 days. After 55 days, chicks left the nest. 
The calculated percentages of activities performed on the nest by male and female 
Whitenecked stork during different stages of chicks revealed that there was no 
difference in the time spent on activities by the two sexes. There was no significant 
difference for parental investment between the two sexes (p>0.001). 
Total 12 nests of Blacknecked storic were k>cated inside the Paric. Two accessible 
nests were selected for intensive study. The observation on the courtship and 
incubation were taken from the dyke with telescope and hide was placed after 
hatching. The mean depth, length and breadth of the nests recorded were 133.84 ± 
32.66, 109.3 ± 39.99, 19.5 ± 12.62 (n=5) cm (mean ± s.d.) respectively. The mean 
time spent on mating was 15.11 ± 5.08 (n=9) seconds. The incubation period 
recorded was around 45 days. The chicks were guarded for a long time by the 
parents. After 60 days, the juveniles left the nest. There was no significant 
difference (p>0.0001) between the parental investment of a male and a female 
Blacknecked stork in chick rearing. 
X V I 
A total of nine species of trees were recorded at the foraging sites of Wliitenecked 
stork. Acacia nilotica occurred in highest density i.e.,46.2 trees/hectare and was the 
only species with an IVI of 180 followed by other dominant species. The foraging 
site of Blacknecked stork and Whitenecked storks differ to a great extent in the 
composition of plant species. Wetland areas with more aquatic vegetation such as 
Paspalum distichum, Eleocharis dulcis, Echinodoa colonum and Cyperus rotundas 
were frequently utilised by the Blacknecked stork. 
There was significant difference (X* =34.75, p<0.001) in mean water depth of the 
foraging sites of Blacknecked and Whitenecked storks. 
There was slight difference in the foraging sites of Painted and Openbill stod(s. All 
the feeding sites of Painted stork were characterised by area where aquatic 
vegetation comprised of Algae, Ipomea aquatica, Hydrilla verticillata. Echinodoa 
and E/eoc/)ans dulcis whereas Openbill stork fed at sites dominated by species 
such as Paspalidium and Vetiveria zizanoides. There was no significant difference 
between (X*=1.66, p>0.05) in the water depth of foraging sites of Openbill and 
Painted storks. 
The habitat utilised for nesting by the Blacknecked and Whitenecked storks differed 
to a great extent in terms of species preference and location of nest on the tree. 
The Blacknecked preferred top canopy of the tree while Whitenecked stork nested 
in the middle, dense, hidden strata of the tree. 
X V l l 
I performed Principal Component Analysis (PCA) on all variables of the nest-slte 
characteristics. The first three PC's explained 70% of the variation in Blacknecked 
stork. The first component accounted for 30% of the total variance. The first PC is 
highly positively correlated with canopy spread, GBH (girth at breast height) and 
distance to road from the nesting tree. The second compor)ent accounted for an 
additional 27% of the total variance and third component accounted for 13% of the 
total variance and was highly positively correlated with water level. 
There was significant difference (p<0.0001) between the nesting and non-nesting 
trees of Blacknecked stork. 
The nest-site variables for Whitenecked storic explained 98% of the variance. The 
first component accounted for 51% of the total variance. The first PC is highly 
positively correlated with GBH, water source outside the Park and distance to road 
from the nesting tree. The second component accounted for an additional 36% of 
the total variance. This component was positively correlated with canopy spread, 
distance to nest of other species and water source outskJe the Park. The third 
component accounted for 11% of the total variance. Tree height was positively 
correlated with this factor. 
There was significant difference (p<0.0001) between height, canopy spread and 
GBH of nesting and non-nesting trees of Whitenecked storks. 
x v i i x 
I took observation on the behaviour of the four species of storks. Not much 
information could be collected on the four species as Painted. Openbill, 
Whitenecked stork leave the Park after January while Blacknecked stork Is the only 
species that stays in the Park throughout the year. The t-test showed no significant 
(p>0.0001, df=2851. t=-1.6198) difference in the activities of male and female 
Blacknecked storks. 
X I X 
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Chapter 1 
General introduction 
1.1 introduction 
Birds are one df the most fascinating creatures on tttis earth. They are the t)est 
indicator for any change in environment and thus reflect the health of a habitat. 
Their sensitivity to the changed habitat made man interested in their ecology and 
biology so that a healthy habitat and a balance in nature can be retained on this 
earth. 
There are around 2000 species of birds in Indian subcontinents (Ali & Ripley, 1987) 
including the migrants which come during winter to this part of the world. Several 
attempts have been made in the past to know about the details of these species in 
order to evolve a conservation strategy according to the habitat preferred. These 
birds are distributed in wide range of habitats such as woodlands, grasslands, 
riparian, oceans and wetlands. 
Human systems are considered to benefit from wetlands through water Alteration, 
flood protection and production of renewable resources (Mitsch & Gosselink, 1986). 
Around 58.4 million ha of area comes under wetlands (Annon. 1993) and most 
problems in India's wetlands are related to human population. Of the 1200 species 
found in India around 22% are totally dependent on wetlands. Unfortunately, the 
habitat of these species is shrinking due to various reasons such as agricultural 
conversion, direct deforestation, hydrologic alteration, water quality degradation, 
global climate change and ground-water depletion (Foote et ai, 1996). We need to 
make public aware about wetland management, understanding if resources are to 
be remain functional. 
1.2 Background 
After Cranes, storks are the tallest wading birds with long necks and legs. The bill 
sometimes is heavy and dagger like in shape. These birds are associated with 
wetlands, marshes and swamps which are the main habitat for their successful 
breeding and survival. 
In Spain, a White stork (Ciconia ciconia) is not killed and do not even destroy its 
nest t)ecause it is associated with the spring and summer seasons and it eats 
harmful rodents and reptiles. Beliefe about storks include the notion that if you have 
some money in your purse when you see a stork, you will win the lottery and other 
is that storks bring babies from Paris and they never leave either parents or 
children. The latter belief is common in Europe (Pedrosa, 1994). In the fieMs 
whenever children see a storic Vney chant rhymes. 
In India, the state of Bihar is known to be associated with the Blacknecked ste)rk 
(JEphippiorhynchus asiaticus). The village, Begusarai has a tribe who are expert 
bird trappers of India. There was a tradition in their family of showing bravery by 
catching a Blacknecked stork which is considered to be the most aggressive of all 
the storks. Only then can a boy marry the girl. These people used to catch birds for 
eating but eversince hunting was banned, some of them were involved in 
conservation projects of organisations like Bombay Natural History Society (BNHS) 
for scientific studies on movements of birds (Ali Hussain pers.comm.). 
1.3 Taxonomic evolution 
According to Garrod (1873 cited in Sibley 1994), the new world vultures are more 
closely related to the storks than to the old world vultures and later it was proved by 
DNA hybridization (Sibley. 1994). 
1.4 Storks of the Worid 
There are 19 species of storks in the world (Kahl, 1968), of which 15 are regionally 
threatened. Tropical Asia and Africa have the largest concentration of storks in the 
world. 
The storks t>elong to dass Aves, order Ciconiifomnes and family Ciconiidae. The 
family Ciconiidae is further classified into three tribes (Kahl, 1968): 
i. Mycterinii also known as the wood storks and openbill storks; there are six 
species in the genus Mycteria and Anastomus. 
i i . Ciconinii are the typical storks with seven species in genus Ciconia. 
iii. Leptoptilini are the giant storks with six species in genus Ephippiorhynchus and 
Leptoptilos. 
1.5 Distribution of Stories in ttie world 
The storks have a near cosmopolitan distribution with representatives on six 
continents. IHowever, only three species reach temperate areas and all of these 
migrate during the northern winters to the tropical parts of Asia and Africa. 
Following is the distribution of all the species in different biogeogaraphical zones 
(Fig 1.1) 
i. Nearctic: None 
ii. Neotropical: Wood stork (h/tycteria americana), Maguari stork {Ciconia 
maguari), Jabiru stork {Jabiru mycteria) 
iii. Palaearctic: Black stori<, White stori<. Oriental stork 
iv. Ethiopian: Yellow-billed storic {Mycteria ibis), African Openbill storic {Anastomus 
lamelligerus), Abdim's stori( {Ciconia abdimii), Whitenecked storic {Mycteria 
cinerea). White stork, Saddlebill storie {Ephippiorhynchus senegalensis), Marabou 
stork {Leptoptilos crumenifenis) 
V. Oriental: Milky stork, Painted stork, Asian Openbill stork, Whitenecked stork, 
Blacknecked stork, Lesser adjutant. Greater adjutant 
vi. Australian: Blacknecked storic 
•c 
o 
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1.6 storks in India 
Eight species of stories have been reported from India (Ali & Ripley, 1987). The 
Painted stork {Myderia leuccxxphala), Openbill stork {Anastomus oscitans), 
Blacknecked stork {Ephippiorhynchus asiaticus), Whitenecked stork {Ciconia 
episcopus). Lesser adjutant stork {Leptoptilos javanicus) and Greater adjutant stork 
{Leptoptilos dubius) are the resident species. The Black stork {Ciconia nigra) and 
White stork {Ciconia ciconia) are winter migrants. 
1.7 Distribution of stories in India 
Openbill stork and Painted stork are found in almost all parts of India except 
Jammu and Kashmir and Western Ghats (Fig 1.2) 
Rahmani (1989a) conducted a literature review on Blacknecked stork and found the 
population to be declining at a fast pace. In India, the state of Rajasthan, Uttar 
Pradesh and Assam hold the largest population while it has become almost extinct 
from Jammu & Kashmir and southern India (Fig 1.3) 
The status of Whitenecked stork still remains unclear though the bird is wide 
spread (Fig 1.4) but sparsely distributed. It has been reported from the Jammu 
(Ambedkar, 1959), Punjab (Whistler, 1918), Jodhpur (Agoramoorthy and Mohnot, 
1988), Karera (Rahmani. 1989b) Dhanvar (Uttangi,1994, 1996), Kerala (Ravidhar, 
1995), Walayar (Praveen et ai, 1994; Praveen, 1997) Bijnor (Pasha, 1995), Assam 
Fig. 1.2 Distribution of Painted and Openbill stories in India 
Fig 1.3 Distribution of Blaclcneclcecl stork in India 
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Fig 1.4 Distribution of Wliiteneclced storl( in India 
(Choudhury, 1995), Dudwa (Javed, 1996), Kishanpur, Lakhimpur, Lucknow, 
Varanasi, Aligarh (Uttar Pradesh) (Javed, 1997 pers. comm.), Solapur (Kumar, 
1998). These are some of the available infomiation on the species (Table 1.1). 
1.8 Studies on Storks 
There have been very few studies conducted on the dconiidae. Kahl (1972a, b, c, 
d, e) studied the comparative ethology of storks in India; Periyar (Kerala), Keoladeo 
National Park (Rajasthan), South Africa, Kenya, Ethiopia, Argentina, Poland, USA. 
Wood storks have been studied in great detail by Kahl (1972c), Coulter (1990). 
Benn etal., (1995) studied Saddlebilled stork in south Africa. Morton et al., (1993) 
studied the distribution and status of Blacknecked stork in Northern tenitory, 
Australia. Of all these species of storks, we still have insufficient information about 
the Blacknecked and Whitenecked stori(. The status of Blacknecked has remained 
unclear in India though the population is flourishing in Australia (Bell, 1963). 
Breeding bk>logy, clutch size and time of egg laying, incubation period, percentage 
of parental investment is unknown (Hancock et al., 1992) 
Consklering these gaps in our knowledge and the need for conservation, the Stork 
Ecology Project was funded by US Fish & Wildlife Service through Ministry of 
Environment and Forest in 1994 with three potential sites for intensive study: in the 
states Assam (Nagaon), Uttar Pradesh (Dudwa) and Rajasthan (Keoladeo National 
10 
Table 1.1 Status of storks in India 
Scientific Name 
Mycteria leucocephala 
Anastomus oscitans 
Ciconia episcopus 
Ciconia c. asiatica 
Ciconia nigra 
Ciconia boyciana 
Ephippiorhynclius asiaticus 
Leptoptiiosjavanicus 
LjefAopOlos dubius 
Common Name 
Painted storlt 
Openbill storl< 
Whitenedted storlc 
White storit 
Blacl< storl^  
Oriental White storl< 
Blaclcneclced stork 
Lesser adjutant 
Greater adjutant 
Status 
Resident 
Resident 
Resident 
Migratory* 
Migratory* 
Migratory* 
Resident* 
Resident* 
Resident* 
* Threatened species 
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Park) to study the rare Greater Adjutant, Blacknecked and comparative study on 
Painted. Openbill, Whitenecked and Blacknecked respectively. 
1.9 Objectives 
The study at Keoladeo National Park, Bharatpur were carried out with the following 
objectives: 
1. to study the feeding ecology of the four resident species of storks 
2. to study the breeding biology of Whitenecked stork and Blacknecked stork 
3. to study the reproductive success of colonial breeders 
4. to study the habitat utilisation by storks 
5. to study the tinne budget of resident storks 
1.10 Hypotheses 
The major aim of the study was the comparative behaviour of the all four resident 
species of the study area. The study was designed with certain hypotheses which 
were tested for different species accordingly. 
i. there woukJ be a fishing depth component among the four species of storks 
which wouk) t>e the main segregating factor for the type of prey species consumed. 
ii. the parental investment of the male and female of the Whitenecked and 
Blacknecked storks would be equal. 
12 
iii. habitat utilised for nesting and foraging would be entirely different in terms of 
vegetation and water depth. 
There was no information on the incubation period of the Blacknecked stork. 
I did not study the hydrology of the wetland as it has already been studied by 
Bombay Natural hiistory Society (BNHS) during their project on the Ecology of 
Keoiadeo National Park. 
We still tack in knowledge about the seasonal movements of storks due to 
fluctuation of water level in the Park during the pinch period. In order to study this 
aspect in detail and to know their whereabouts during that period, few juveniles on 
nest were banded and a seasonal survey of surrounding sites was conducted. 
13 
Chapter 2 
Study Area 
2.1 History 
The Keoladeo National Park is one of the best studied Ramsar sites of India. The 
Park was developed as a water fowl refuge in 1899 by Maharaja of Bharatpur for 
game hunting. According to the records, the first shooting took place in 1902 and 
continued till 1967. When India became a contracting party to the Ramsar 
convention in 1980, Keoladeo was one of the first two wetlands in the country to be 
listed as Ramsar site then raised to the status of a National Park in 1981. 
2.2 Introduction 
The Keoladeo National Park is k}cated at Bharatpur, Rajasthan (27*7.6' to 27' 
12.2' N & 77' 33.9' E is 50 km. west of Agra and 178 km. Northeast of Jaipur). The 
boundary of the Park is demarcated by mesonary wall and is surrounded by 18 
villages (Fig 2.1). Since grazing of domestic cattle and buffak) has been banned but 
the dependent villagers are still allowed during certain months to collect fodder from 
the Park through pemiits. The eight sq. km wetland is divided into various 
compartments by earthen dykes and rest 20 sq. km constitute variety of habitats. 
14 
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2.2.1 Meteorology 
The climate of Bharatpur is tropical, subhumid to semiarid. Bharatpur experiences 
climate extremes from hot, dry summer (April to June) to a cold winter (Novemt)er 
to January) and short monsoon (July to September) and post-monsoon (September 
to October) seasons. The temperature ranges from minimum of 0*C to 2*C in 
winter to a maximum of 48 * C to 50' C in summer. Climate data is given in Fig 2.2. 
The southwest monsoon, which sets in towards the end of June, extends up to 
September with occasional slight showers in October. The mean annual rainfall is 
650mm (Vijayan, 1991). During my study period, the mean rainfall recorded was 
796 mm in the year 1996 while year 1995 was a drought year. 
The soil of the area is thick alluvium with sandy, saline patches in the terrestrial 
areas. 
2.2.2 Flora 
The vegetation of Bharatpur is a mixture of xerophytic and semi xerophytic species 
consisting predominantly of Acacia nilotica, Prosopis dneraria, Salvadora oleoides. 
The flora is intensively studied by Prasad et al., (1996). The physiognomic types 
recognised are forest, woodland, shrub woodland, savanna woodland, tree 
savanna, shrub savanna, low grassland with scattered trees and shrub plantations 
and wetiand (Perennou & Ramesh, 1987). The flora consists of around 377 species 
of which 96 species are wetland plants. I feel that the species composition of the 
Park can remain unchanged for ten year but the description on the map given by 
Perennou & Ramesh (1987) has changed very much in the woodland, grassland 
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and especially the wetland areas of the Park because wetlands are supposed to be 
most dynamic of ail ecosystems. They are dependent on the hydrology which 
refers to time, frequency and duration of inundation. Any change in any of these 
parameters reflect the changes in the plant species composition. 
The Bombay Natural History Society (BNHS) has studied the ecology of this 
monsoonal wetland in detail for ten years. During their study period, the different 
habitats were named alphabetically for study purposes such as A-0 block (Fig 2.1). 
Each block has its own characteristic through which different habitat can be 
identified. 
Woodland are found only to the extreme north of the KNP in A and B blocks. The 
main tree species present in these blocks are Mitragyna parvifolia. Acacia nilotica, 
Ziziphus mauritiana. These block remain inundated for a very short period thus 
waterfowls can be seen during those periods. As the blocks gradually dries, few 
small pools of water with large concentration of small fishes are left and sites are 
favourite foraging zones of Whitenecked stork (pers. obs.). 
Scrub woodland It differs from forest and woodland by the regular presence of 
thorny shrubs in the undergrowth. The soil is usually devoid of grass cover. The 
major tree species of this region are Mitragyna parvifolia, Syzigium cumini. Acacia 
nilotica, Zizyphus mauritiana. The blocks covered by this kind of habitat are C, O. N 
andG. 
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Grassland Savanna type of vegetation is fomied mainly by grasses such as 
Vetiveria zizanoicles and Desmostachya bipinnata mostly in Koladhar area. Trees 
and shrubs usually found in savanna are Prosopis cineraria. Acacia nilotica. Acacia 
leucophloea, Ziziphus mauritiana and Saivadora persica. 
Low grasslands are mainly dominated by grasses Spombolus heh/olus and 
Cynodon dactykm in some parts of the Park with a few scattered trees. 
The blocks covered by grasslands are F, I and G. 
Wetland Prasad et al (1996) has classified the wetland plant species into six 
categories; 
Free floating consisting of species such as Spirodela polyrhiza, Lemna perpusilla, 
Eichhomia crassipes 
Rooted with floating leaves such as Nymphaea pubescens, Nymphaea nouchali, 
Nyphoides cristatum 
Unanchored submerged such as Ceratophyllum demersum. Utricularia aurea, 
Utricularia siellaris 
Rooted submerged such as Hydrilla verticillata, Najas minor, Potamogeton crispus 
Emergent, amphibious such as Eleocharis dulcis, Scirpus littoralis, Ipomea 
aquatica 
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Marshland plants such as Caesulia axillaris, Eclipta prostrata, Echinochloa colonum 
The blocks under wetland are L, D, K, E. N and F. These species are found all the 
wetland sites but the composition differs at each site depending upon the water 
level like Hydrilla verticillata, Najas minor, Potamogeton nodosus, Nymphea 
pubescens, Spirodela polyriiiza, Wolffia globosa, Lemna perpusilla and Azolla 
pinnata are the main species forming this association. These species are confined 
to the deepest areas with open water and loose muddy bottom. 
Paspalum distichum, Ipomea aquatica, Pseudoraphis spinescens, Scirpus littoralis 
are the species forming associations mostly in comparatively shallow water areas 
and in moist soil. Extensive patches of Paspalum distichum occur in such areas. 
2.2.3 Fauna 
The Keoladeo National Park is rich in its fauna. Despite of small area, the diversity 
of habitats in the Park has attracted around 350 species of birds which use this 
park as wintering ground (see appendix 1). The most endangered species of bird is 
the Siberian crane (Grus leucogeranus). 
Beside this, KNP has 27 species of mammals (see Appendix 2), 13 reptiles, 7 
amphibians and 40 fishes (Vijayan 1987; Vijayan 1991). 
2.3 Hydrology 
The hydrology refers to the frequency, depth and time of inundation of a wetland. 
The source of water, its quality and quantity are major factors affecting the ecology 
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of Keoladeo National Park. The Park is k>cated at the confluence of two rivers, 
Banganga and Gambhir which bring water to Ajanbund (reservoir). Water brought 
to the Park through Ghana canal in July-August and the bund is emptied in 
October. The time of release of water to the Park is essential for the growth of 
aquatic plants, breeding of the heronry species and the overall seasonality of 
ecological events. The flow of water in each block is regulated through sluice gates. 
Block E, K, L are the first to be inundated. These block. At certain times, water is 
abundantly available, the tenrestrial areas are also flooded for a short duration after 
which the water is flushed out to the villages through canal. However, loss of water 
during hot and dry summer days is high leaving only a few pools in the central and 
deeper portions of the Park which are favourite feeding sites of storks and other 
wading birds with large concentration of fishes. 
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Chapter 3 
Foraging Ecology of Storks 
3.1 Introduction 
Food availability is one of the important aspects which governs the distribution of 
birds, their selection of habitat for nesting and feeding, and their reproductive 
success. Foraging ecology of birds revolves around making use of diverse foraging 
opportunities in space and time (Kushlan, 1981). Feeding behaviour is the main 
factor that affects the foraging efficiency in wading birds. 
Some birds prefer to feed in groups while some solitarily. In wading birds, there are 
many foraging strategies described by Kushlan (1976) depending upon the size of 
the bird, depth of water, prey species and availability of food. Kushlan (1977a) 
described that foraging and selection of potential feeding site is greatly affected by 
the colour of plumage in group feeders as the birds get easily attracted towards the 
white conspicuous plumaged birds. Colonial nesting birds search for potential 
feeding sites by following other birds of the colony to the feeding grounds (Ward & 
Zahavi, 1973). These situations can be directly related to the foraging ecology of 
the storks, especially group feeders such as Openbill and Painted stork. Besides 
this there are many advantages of group feeding as it increases the vigilance 
against predators and hence more time is utilised for feeding. The disadvantage is 
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that resources are shared among the group (Kahl 1964; Krebs 1974; Kushlan 
1979). 
Food preferences and feeding techniques are related to the morphological features 
of^n individual, particularly the size and shape of the bill, used for seizing food, 
lengths of neck and leg, which detemnine its foraging efTidency (Hancock and 
Kushlan, 1984). 
In India infonmatlon on the foraging ecology of piscivorous birds is scanty except for 
one study by the Bombay Natural History Society under the project on "Ecology of 
Keoladeo Natkmal Park". Sivasubramaniam studied the ecology of piscivorous 
birds in general (in Vijayan,1991). My study on the comparative ecology of feeding 
behaviour of four species of storks in KNP was an attempt to find out the major 
prey species of the storks, determine micro habitat differences responsible for 
efficient foraging and to find out the extent of resource partitioning among storks. 
3.2 Methods 
Data on the foraging t)ehaviour were collected on four species of storks after 
taking dose observation on the feeding mode of birds and accordingly the 
parameters and time allotted to each bird. There was no sexual dimorphism among 
storks except for Blacknecked stork where distinctbn could be identified separately 
as male and female in the field. Observations were made for male and female once 
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in a week on the birds seen foraging between 0600-1000, 1000-1200, 1200-1500 
and 1500-1800 hrs for full day. I used "Yocal animal sampling" described by Altman 
(1974). Infonnations were collected continuously for 30 minutes period with a break 
of five minutes. 
The observations on the foraging behaviour of Painted, Openbiil and Whitenecked 
storks were taken in the same manner with one extra parameter namely the group 
size as they forage in group. At every observation following data were collected: 
I.Time 
2. Sex 
3. Water level: The wading depths of storks were estimated by relating the water 
level to the belly, tibiotarsus, tarsal joint and tarsometatarsus. 
4. Peck rate: refers to number of attempt made by birds in one bout which was 
equal to 30 minutes. 
5. Success rate: number of food items caught by birds in one bout. 
6. Prey size: measured against the size of the bill into classes as %, 14, full (total 
length of the bill). 
7. Steps: number of steps taken in one bout for searching food. 
8. Inter-specific distarice: Distance to nearest feeding bird as the Blacknecked 
storks were observed feeding on ducks and other birds. 
9. Intra-specific distance: Distance to other feeding Blacknecked storks. 
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10. Vegetation Type: Vegetation was classified as emergent, submerged and 
floating and the presence or at)sence of aquatic macrophytes in the foraging zone 
was recorded. 
11. Distance to shore: was recorded in range class to estimate the disturbance 
through visitors. 
12. Feeding strategy: As classified by Kushlan (1977b); probing, pecking, groping 
and head swinging. 
Probing is the insertion of the slightly open mandible deep into the sediment, under 
plant roots or rocks. 
Pecking is the picking up of sighted objects without inserting the bill in the 
substrate. Groping is holding a widely gaping bill in the water while moving the tip 
along the bottom. Head Swinging is moving the partially submerged and gaping bill 
from skle to side in the water. 
3.3 Analyses 
To determine the effect of one or two variables on foraging, I used Principal 
component analysis (PCA), as an ordination technique. PCA extracted few 
important variables which were later used for regression analysis and develop 
nrKxJels for foraging. I also did Pearson product nrK)ment correlation to identify the 
highly correlated factors. The data were analysed by using SPSS 6.1 (1994) and 
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STATA 5.0 (1997). All the data were log transformed before performing multivariate 
parameteric analysis to insure normal distribution. 
3.4 Results 
3.4.1 Feeding strategy 
The Blacknecked stork forages in shallow water, walking slowly with measured 
steps and probing in water and submerged vegetation. The bill is held open about 
50-70 mm at the tip and raised about 200 mm above the water between probes 
(Kahl, 1973). The time spent in handling as discussed was related to the size of the 
prey species. To avoid the chances of losing prey in deep water particularly the 
larger fishes and snakes which take comparatively more time to ingest, prey were 
taken to nearest dry nraund for breaking into small pieces. The smaller fishes took 
very little time to eat unless the prey was caught with some aquatic vegetation. 
Feeding t}ehaviour of the Painted stork was linked closely to environmental 
conditions such as presence or absence of aquatic vegetation and water turbidity. 
In calm, low turbidity areas the bird walked slowly with bill dipped in water and on 
touching a prey the bill was closed immediately. In vegetated areas, the Painted 
stork ran from place to place disturbing prey. 
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The foraging behaviour of Painted stork is simiiar to that of Wood stork (Mycteiia 
amehcana) as described by Kahl (1964). Unlike many wading bird species that 
forage visually, it feeds by tactolocation. They walk through water with bills open 
and partially submerged and they catch fishes encountered during the activity but 
this feeding strategy requires high densities of prey. 
Openbill stork usually feeds by tactile or visual methods (Kahl, 1971b). The staple 
diet of Openbill stork is Pila which is quickly extracted by probing bill without 
breaking the shell. 
The Whrtenecked stork forages by walking slowly or standing, visually searching for 
prey in puddles or small water bodies in forested areas and grasslands. The bird 
either feeds atone or in small groups of 4-5 individuals. Once a flock of around 20 
birds was seen feeding together in the Pari<. Due to shy behaviour of the 
Whitenecked stories, substantial amount of data could not be collected to compare 
with other species. 
3.4.2 Prey species 
There was large variation In the diet spectrum of Blacknecked stork and other storic 
species. The food species recorded in the diet of Blacknecked stork were birds 
such as shovellar {Anas clypeata). coot {Fulica atra) and chicks of Pheasant-tailed 
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Table 3.1 Range of food items of different species of storks in Keoiadeo 
National Park 
Species Food Item 
Painted Stork 
Blacknecked Stork 
Openbill Stork 
Whitenecked Stork 
Unidentified Fishes (Desai et al, 1974; 
Hancock et al, 1992; pers. obs.), Snake 
(Urfi. 1987) 
Coot, Shovellar, Pheasant-tailed jacana, 
Lanchi {Wallago attu), Singhi 
{Heteropneustes fos^lis), Saul {Channa 
straitus), Rohu {Labeo rohita) (Hancock et 
al., 1992; pers. obs.) 
Apple Snail {Pila glot)OSsa ) (Kahl, 1971b; 
Hancock et al. 1992; pers. obs) 
Amphibians, Earthworms. Small Fishes 
(pers. obs.) 
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Jacana (Hydrophasianus chirurgus); four species of fishes; Lanchi {Wallago attu). 
Singhi (Heteropneustes fossilis), Saul (Channa straitus) and Rohu {Labeo rohita); 
insects such as Dragon fly; aod snakes such as Checkered keelback {Matrix 
piscator). Some unidentified small food items were also taken. 
The Painted storks were observed feeding on fishes the klentification of which was 
not possible as they gulped them quickly while Openbills mostly feed on Pila (Table 
3.1). 
3.4.3 Foraging in Blacknecked Stork 
I analysed tiie data of year 1995 and 1996 jointly only for the those variables which 
were recorded In tx)th the years because after August 1995, the study on BNS was 
tumed into a comparative study on storks. From 1996, I added few more variables 
for analysing the foraging ecology of the four species such as feeding strategy, 
distance to shore and vegetation type. 
PCA extracted three components with eigenvalues greater than one. The first 
component explained 30% of the variation, whereas second and third component 
accounted for 20% and 16% of variation in the data. The first three components 
together explained 67% of the total variation in data. The first component showed 
high loading for water level, steps and food species (Fig. 3.1). The high values 
shows tlie dependency of food species and steps taken by BNS on amount of 
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Fig. 3.1 Plot of foraging variables for Blacknecked stortc on PCA-1 
and PCA-2 (1995-96) 
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water. The second component which accounted for 20% of variation showed high 
loading for food size and nearest species, whereas water level and steps were 
negatively correlated. This component can be interpreted as food size dependent. 
Third component showed high factor loading for species distance and negative 
con-elation with food species and food size (Table 3.2). 
During 1996, the first three components explained 44.7% of the variation for 
foraging ecology (Table 3.3). The first component accounted for 21.8% of total 
variance. The first PC is highly positively conrelated with peck rate, steps and water 
level. High values on the first component correspond to areas of high water level 
which affect the steps taken by the bird and thus the peck rate. 
The second component accounted for an additional 11.9% of the total variance. 
This component was negatively connelated with steps, water level and peck rate 
whereas it showed positive oomelatkm with variables namely distance to shore and 
presence of nearest species (Fig. 3.2). The high values con-espond to increase in 
shore distance and thus a decrease in disturbance. 
The third component accounted for 11% of the variance. Food size was the most 
important factor for this variation while rest of the factors had no significant 
contribution. 
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3.4.4 Prey handling time of Biaclcneclced storic 
I calculated the handling time of the prey species relative to prey size by 
considering that more time would be spent in handling if the size of prey is larger. 
The result showed that the handling time increases exponentially with the size of 
the prey. The mean ± s.d. (n=30) for three size categories was 1 minute for %, 
2.27 ± 1.13 minutes for % and 40.2 ±64.2 minutes for full size prey species which 
refers to length of the bill (298-324 mm) (Ali & Ripley, 1987). I took fishes into 
account in the calculation as they give measure of the size against the bill. Prey 
species such as snakes took more than 30 minutes for swallowing (n=7). 
3.4.5 Foraging in Painted Stork 
The first three PC's explained 67.3% of the variation in the foraging habits of 
Painted stork (Table 3.4). The first component accounted for 35.9% of the total 
variance. The first PC is highly positively conrelated with steps, grass height, group 
size and water level. High values on the first component correspond to habitat with 
high grass height, while substantial amount of water enhances the foraging 
efRdency by increasing the peck rate and steps while group size corresponds to 
increased vigilance. The second component accounted for an additional 20.4% of 
the total variance. This component was highly con-elated with grass height and 
group size (Fig. 3.3). The higher value of grass height corresponds to efficient use 
of feeding strategy in less foliage. The third component accounted for 11% of the 
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total variance. The highest positively correlated factors were inter specific distance 
and shore distance while no other factor contributed significantly. The high values 
correspond to increase In inter-spedfic distance with shore distance. 
3.4.6 Foraging in Openbiil Stork 
The total cumulative variance explained by first three components was 57% (Table 
3.5). The first PC was positively correlated with intra-specific distance and nearest 
species. The high values correspond to increase in intra-specific distance and 
species present in the vicinity of the foraging area thus avoiding competition for 
food (Fig. 3.4). 
The second component accounted for 21% of the variance. This component was 
positively correlated to steps and peck rate. The high values correspond to 
increase in peck rate with an increase in steps. The third component accounted for 
14% of the variance. This factors accounted for highest variance were group size 
and distance to shore. 
3.4.7 Whiteneclced Storic 
The Whitenecked stork is an extremely shy bird. Most of the time they were found 
^] feeding most of the time)in areas with good vegetation cover, flooded grasslands or 
in small pools in the forest. Such areas were generally inaccessible or had reduced 
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visibility as a result of which substantial amount of data could not be collected. 
While observing the nesting behaviour of the bird, data on food items was also 
collected. Usually the chicks were fed on amphibians, earthworms and small 
unidentified fishes. 
The variables extracted from PCA for BNS, Painted and Openbill storks were water 
level, peck rate, success rate and steps. Among these variables, water level was 
the independent variable which affected the peck rate, success rate and steps 
taken by the bird in one feeding bout and thus the foraging efficiency. I used linear 
regression to see the dependency of these variables on each other. Linear 
regression showed a significant relation in the peck rate, success rate and steps 
taken by the storks with change in water level (Table 3.6) 
Pearson product rmment correlation was performed on variables such as water 
level, success rate, peck rate and steps for the Blacknecked, Painted and Openbill 
storks which showed significant (p=0.000) positive conflation of water level with 
peck rate, steps, feeding strategy whereas an insignificant correlation with success 
rate Table 3.7, 3.8, 3.9.3.10 . Considering these variables as important factors for 
an efficient feeding, a matrix with all other variables is constructed. 
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Table 3.6 Relationship of water level and otiier foraging variables 
Storl( Species 
BNS 1995 
BNS 1996 
Painted stork 
Openbill stort( 
Variable 
Pecl^  rate* 
Steps* 
Success rate* 
Pecl< rate* 
Steps* 
Success rate* 
Peck rate* 
Steps* 
Success rate* 
Peck, rate* 
Steps* 
Success rate 
Simple r 
.1538 
.085 
.0005 
.0579 
.1155 
.00021 
.013 
.012 
.0001 
.0111 
.052 
.0002 
R^  
.3920 
.2922 
.0707 
.2402 
.3395 
.0463 
.1112 
.1084 
.0299 
.1023 
.2301 
.0106 
* values are significant at p<0.0001 
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3.5 Discussion 
The storks are piscivorous birds which brings them to relatively higher position in 
the food chain. Any change in the wetland ecosystem which is very dynamic in 
nature, directly affects the ecology and behaviour of the birds especially those 
utilising these habitats for feeding, nesting, roosting and other activities. Due to 
possible decline in foraging habitat of the BNS (Rahmani. 1989a), it is important to 
understand their foraging ecology as well as availability of prey and quality of 
foraging sites in order to develop a long term conservation strategy. The 
Blacknedced. Painted and Openbiil storks have different preferences for prey 
species and this couM be related to the difference in their size. Other studies on 
wading bird communities (ICushlan, 1976. Willard, 1977.1985) have also suggested 
a fishing depth component of resource segregation. The Blacknecked stork is 
tallest of all the storks. The tarsus length is 30-33 cm (Ali & Ripley, 1987). It was 
observed foraging in depth of more than 30 cm of water which is almost the full 
tarsus length of the bird. The Painted storic has a tarsus length of 24-25 cm and 
was seen using areas of depth upto 25 cm which is as long as the length of tarsus. 
The Openbiil with tarsus length of 15 cm, the smallest of all the storks, preferred 
comparatively shalkw waters for searching Pila. As mentioned eariier, the size of 
the prey species was measured against the size of the bill. The shaltow areas were 
concentrated with fishes of small size. Thus the storks differed with respect to their 
prey species and prey size and accordingly the habitats in which they fed. 
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Except for the Blacknecked stork which is territorial and forages singly, sometimes 
in pairs, other stork species were observed foraging in small groups probably to 
increase their foraging efficiency. Kushlan (1978) described the feeding strategies 
and explained that the wading birds defend a feeding territory while feeding in 
groups, although this defended area may be reduced to each birds' individual 
distance, defined by the distance it can reach with its head and neck. Blacknecked 
storic is a generalist in selection of prey species and probably that is the reason for 
defending a large territory while other species are specific feeders. The variation in 
feeding depth of stories and size keeps the BNS away from direct competition with 
other storks and thus resources are partitioned. The BNS is an opportunistic 
feeder, hence it is generalist in its feeding habits, while the other stori<s (Painted, 
Openbill and Whitenecked) are specialist feeders and search their favourite prey. 
Intraspedfic aggresskm for food between Openbill stories has been observed many 
times especially towards the shore, when the water level had suddenly increased in 
all the bkx:ks of the Park and the birds had to congregate for food near the shores 
where water depth is optimum for foraging. This has been observed in many 
species which feed along the shore and their feeding is governed by tidal cycles. 
The tidal fluctuations determines the habitat available for foraging and accordingly 
birds, makes extensive nwvements, based on these fluctuating water levels 
(Custer &Osbom, 1978). 
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There is no tidal movement in this artificially managed wetland of Bharatpur but 
sudden rise in water level after release of water from the Ajanbund causes some 
birds (having preference for shallow wetlands), to search for potential foraging 
habitat outside the Park. After an increase in water level inside the Park, the storks 
were seen feeding in the Ajanbund where the water level had declined. The Park 
water declines gradually by evapotranspiration and draining of excessive water 
through canal to villages for agricultural purposes. 
In Blacknecked stork, the peck rate, success rate and steps were significantly 
correlated with the water level which indicate the availability of different prey 
species at different water depths and steps taken for it in searching. The feeding 
sites of Blacknecked stork were found to be choked with Paspalum disUcum which 
restricted the movement of the bird and most of the time the feet got entangled in 
the grass making the search difficult and also increased the handling time of the 
encountered prey species. In the year 1996, half of the blocks of Vne Park were 
covered with water hyacinth Bchhomia crassipes. The presence of water hyacinth 
increases the searching time and affects the distribution of fishes. Thus the storks 
prefer small fragmented wetlands for foraging. The availability of less number of 
sites increases tiie competition between the pairs nesting inside the Paric. Probably 
Keoladeo National Paric can support only six pairs of BNS and tiiis could a possible 
reason for the stable population of BNS for the last many years. 
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In Openbill stork, the success rate and peck rate were not strongly related with the 
depth of water due to the type of prey species which could be present in shallow 
watertxxJies or on the wet grounds. The Painted stork showed negative correlation 
of water level with success rate and steps which nieans that as the water level 
increases the success rate decreases. The peck rate was positively correlated with 
water level. The feeding strategy of Painted stork differs with other species in a way 
that it moves with half opened bill dipped in water and grab the prey species 
immediately after feeling its presence thus the success rate depends on the 
quantity of prey available in that water body. Other species feed visually. 
The feeding strategy of Painted stork differs with time during the day while in 
Openbills it remains the same throughout the day. I do not have any explanation for 
it but this could be related with changing movement of fishes with sunlight and 
dissolved oxygen in water which in tum affects the fishes to come up and go down 
the surface to respire (Kushlan, 1978). 
Thus it could be concluded from these results that feeding efficiency of the storks is 
affected by the depth of water which is direcUy related with the rainfall. The failure 
of monsoon in this region results in absence of heronries. Relationships between 
water level changes and wading bird foraging have been demonstrated for a 
number of species (Kushlan, 1978). The existence of such a relationship between 
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hydrologic conditions and nesting phenology of the Openbill and Painted storks 
suggests that seasonal fluctuations in the physical environment may also play a 
crucial role in the availability of resources. It has already been studied by BNHS 
during ten years study on the ecology of KNP (Vijayan, 1991) that with the onset of 
monsoon, the Park teems with life especially aquatic ones which are the major food 
items of piscivorous birds like storks while failure in the monsoon results in absence 
of colonies. The Blacknecked storks were seen foraging all the year round inside 
the Part(. The adults were accompanied by juveniles till monsoon and they showed 
slight change in their foraging site with the sudden rise in water level in the Park. By 
that time the next breeding season starts and juveniles disperse. Once the next 
breeding season starts, adult BNS were never seen with any previous year's 
juvenile. I also did not find any juvenile foraging inside the Paric. The juveniles of 
Openbill and Painted stories start dispersing out at the end of nesting with decline in 
water level. Dispersal of this kind results in movement of birds from areas where 
resources are limited to more "fevourable areas". I do not have any authentic 
infomiation regarding these "favourable areas" of the storks to verify this and it is 
one of the most important aspects of their ecology which needs to be studied in 
detail in future. 
There was absolutely no confY)etition among the three species of stories as there is 
complete segregation of their niche and they feed at different depths. As suggested 
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by Whitfield and Blaber (1979). tarsometatarsal length determined the fishing 
depths of waders and thus indirectly the size classes of fishes available to them. 
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Chapter 4 
Breeding Biology of Solitary Nesters 
4.0 Introduction 
Like other organisms, birds also reproduce in order to propagate their genes to 
successive generations. The breeding biology depends upon many factors which 
affect the reproductive success of birds. One of the important factors is the 
breeding habitat, which ranges from the grassy plains to dense forest, small 
wetlands and marshes. Another factor which has a prominent effect is the breeding 
strategy or the mating system. According to Emien & Oring (1977), the term 
'mating system" of a population refers to the general behavioural strategy 
employed in obtaining mates, it includes such features as: 
(i) the number of mates acquired 
(ii) the manner of mate acquisition 
(iii) the presence and characteristics of any pair bonds, 
(iv) the patterns of parental care provided by each sex. 
Some birds are known to pair for life such as the Sams crane (Grus antigone) 
(Gole, 1989) and they are known as nrionogamous birds while some birds are 
polygynous such as the Great Indian bustard {Choriotis nigriceps) (Rahmani, 
1989b) and the Peafowl (Pavo cristatus) (Yasmin, 1996) while some birds are 
polyandrous such as Spotted sandpiper {Actitis macularica), (Hays, 1972), 
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Pheasant-tailed jacana {Hydrophasianus chirurgus), (All & Ripley, 1987). Birds 
display in the breeding season to attract niates. Only Datta & Pal (1995) have 
reported polygynous t)ehaviour of Openbill stork in West Bengal. 
The evolution of sexual differences in parental investment is prerequisite to the 
evolution of polyganiy (Trivers, 1972, Smith, 1977). Usually monogamous birds 
have altridal chicks while polygamous birds have precodal chicks. Altridal youngs 
are poikilothermic for several days after hatching and must be brooded by an adult 
until they are able to themrioregulate (Ricklefs, 1974 in Levenson 1979). In 
monoganrraus birds with altricial young some protection is required to the chicks. 
Both adults usually must help to raise the young to independence. The chicks of 
storks are altricial and it can be due to the breeding habitat and risk of predatkxi 
which do not allow the birds to leave their chicks on their own soon after hatching. 
In Keoladeo National Park (KNP), of the four resident species of storks, Painted 
and Openbill storks are colonial breeders and Blacknecked (BNS) and 
Whitenecked storks (WNS) are solitary breeders. The colonial breeder have been 
studied in detail in the past (Kahl. 1971a & b; Desai et al. 1974; Urfi, 1996; Vijayan, 
1991) and there is a great deal of infonnation on these birds. The BNS and WNS 
are less studied and information on their breeding biology is fragmented and 
patchy. This study was taken up after considering all these lacunae in knowledge. 
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4.1 Breeding Biology of Whiteneciced Storit 
Some studies have been conducted on the distribution and ethology of stories but 
little seems to be known about the basic habitat requirements and ecology of the 
Whitenecked stork except for the information collected by Kahl (1971a; 
1972b,c.d,e) on the ethology of "typical stori<s" in KNP itself. Gariand (1963) 
observed nesting behaviour of WNS in Thailand while Scott (1975) studied the 
breeding biology of WNS in Africa but could not collect any infomnation on the 
feeding of the young ones on nest. The present study was designed by keeping in 
mind all these facts. 
The breeding of WNS varies within India itself. The nesting of WNS starts with the 
onset of monsoon by the end of June in KNP while it breeds in December-March in 
south (Ali & Ripley, 1987). This is the first among the four resident stork species of 
KNP, which begin nest making with the anival of monsoon followed by the Openbill 
storic. Since insects, earthwomis and fishes are the favourite food of the WNS 
(pers. obs.), monsoon would be a best time to increase its reproductive success. 
Although total count of heronry has been conducted over the years by the forest 
department. There is no mention of the status of WNS nesting inside the Pari(. This 
study was the first attempt to do an intensive study on the breeding t>ehaviour of 
WNS. 
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4.1.1 Methods 
It was difficuK to find nests of a solitary breeder like tfie WNS which prefers to nest 
in dense trees. All the nests were located by following individual birds collecting 
nesting material to the trees. The incubation period was observed from the ground 
without hide to decrease the disturbance and chances of nest abandonment. After 
hatching, systematic observations of the birds' activities at the nest were canied 
out with binoculars and telescope from hides 12 m from the nest and 12-15 m 
above the ground. 
Data were collected on type of the prey brought to the nest and behaviour of adults 
at the nest while feeding, nest building and other social activities. The observations 
were made throughout the day. The observation were divided by the day into three 
shifts such as 600-1000, 1000-1400 and 1400-1800 hours. The arrival trips of the 
adults were divided into different categories on the basis of the activities; 
Nesting material trip : the parents brought nesting material added it to the nest 
Feeding trip : the parents brought food back to the nest and regurgitated it for the 
chicks. 
Guarding trip : there was no activity after arrival and the adult kept guarding the 
nest. 
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4.1.2 Analyses 
Data were analysed separately for male and female using STATA 5.0 (1997). All 
the activities were summarised in percentages. T-test was used to find out the 
differences in various activities of male and female WNS. Data were transfomned 
using arcsine transformation (Fowler & Cohen 1986). 
4.1.3 Results 
I classified my information into different classes depending on the activity 
performed and data collected. 
a. Breeding Habitats 
Total of 15 nests were found during 1994-1996. All the nests found in the Park 
were located on Mitragyna parvifolla trees while Dalbergia sissoo was used outside 
the Park. The nesting trees were mostly sun^ ounded by the Acacia nilotica and 
grasslands flooded with rain water (see more description in next chapter on nest 
site selection). Most of the nests were located in the middle dense strata of the tree 
which made the placement of hide slightly difficult without making much noise and 
disturt)ance to the birds. 
b. Nests 
Of the 15 nests found, two nests were selected for intensive study on the behaviour 
of the birds. During the nest building stage, most of the pairs were seen displaying 
and mating on the nests. The mean height of the nests from the ground was (mean 
± s.d.) 4.5 ± 1.3 m (n=6 ). The nests were constructed from dead sticks of 
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Mitragyna parvifolia with lining of grasses and were deep enough to hide the 
chicks. The mean depth, length and breadth recorded in the nests were 14.74 ± 
10.50. 93.45 ± 41.19.67.97 ± 39.93 (n=4) cm. 
c. Behaviour of adults on the nest 
Both sexes take part in nest construction and incubation. Alttxxjgh there were no 
sexual dimorphism, on doser observation through hide, the cokxjr differences on 
the face of the adults were clear. One of the mates had dark ookxjred lining around 
eyes and below the bills while the other had light colour. The former was male and 
later was female. It was also confirmed by their t)ehaviour. The male was nrK)re 
defensive by behaviour. During the time of climbing up or getting down the hide, if 
the male was guarding the chicks, it never flew instantly on watching someone in 
the hide but if the female was on the nest, she used to go away innmediately. 
Both the mates brought nesting material intermittently which includes green leaves 
of Mitragyna pan/ifdia, Prosopis juliflora. Capparis decidua. Panicum paludosum. 
Paspalum disticum, Kirgnelia reticulata, Syzigium cumini, and dry blades of khus 
{Vetiveria zizanoides). Use of green leaves is to enhance insulation of nests but 
Mertens (1977) feels that dry material provide better insulation than fresh 
vegetation. Nest greenery especially when dried and associated with guano 
provides material of relatively high density and results in increased insulation of 
nests. Wimberger (1984) hypothesised that nest greenery used by raptors aids in 
repelling ectoparasites via release of secondary compounds during drying and 
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decay of the plant material. Syzigium cumini leaves used by the WNS might help in 
distracting flies and other insects due to its strong aromatic smeli. The soft material 
was placed as the inner lining while dry sticks were used around the edges of the 
nest. To remove unwanted waste material, nest cleaning was carried out frequently 
during incut)ation as well as after the hatching of chides. 
d. Incubation 
During incubation, the pair was observed to change over at intervals of between 
two and four hours. At the time of change over, the bird on the nest would get up 
and fly off immediately when its mate arrived and the mate then would settle down 
on the eggs. The incut>ation period recorded was 30 days. The sexes could not be 
identified during this time but later on close observation through hide the male and 
female could be identified. 
The incut)ation starts with the laying of first egg. Kahl (1971a) found in Abdim's 
stork Ckxmia abdimii the interval between consecutive eggs in a clutch was two 
days and in one instance three days. Probably the same is the case of WNS. 
e. Developinent of the chicks 
The chicks were brooded for atx}ut a week by the adults and they were not fed on 
anything for four days. After two days of hatching, the body down feathers were 
pale grey, with buffy down feathers on the neck (Fig 4.1.3). After ten days, neck 
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feathers changed into pale brown with a light black patch over head and grey wing 
feathers. The bill was black with orange tip and eyelid were greyish. 
After 20 days, the black cap on the head of chick became more conspicuous, 
colour of iris turned brown from grey. The neck became cream white with black 
wing feathers which were exercised frequently by flapping. 
After about 33 days, back and wing feathers were well developed and the chicks 
t)egan to move around the nest, often sitting on the rim of the nest and exercising 
their wings but they were quite alert of any human presence. By this stage, the 
chicks started showing anger to the crows coming near the nest. 
On the first nest, at the age of 40 days, I found that the three chicks were off the 
nest, hopping on nearby branches and exercising their wings. After 55 days, chicks 
took a short flight. It was slightly difTicult initially to balance their wings. The flight 
was strong but they spent most of their time perched in the nearby tree. The colour 
of the iris of the juveniles was black while adults had maroon iris. This was the main 
differentiating feature between the adults and juveniles because they look alike 
after getting similar plumage and development of wings. I do not have any kJea 
about the time of change m cobration of the iris in juveniles and probably that could 
be an indication of sexual maturity of the species. 
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At other nest observed in 1995, the nest was found when the incubation was on 
and later three chicks were seen in the nest. Two were of the same age while one 
was younger than the two. These chicks left nest after 50 days and few interesting 
observations were taken at that time. On 24 October 1995, the rare cosmic 
phenomenon of a complete solar eclipse occun'ed. I was in the hide since morning 
with my telescope watching birds and sun with nickel glasses. At the time of 
eclipse, when it became total dark, the two adults of WNS came back to the nest. 
The birds were silent, then with the appearance of light, the birds left the nest after 
an hour. 
The second interesting observation was taken on 23 August 1996 on cannibalism. 
The adult WNS ate the dead chick lying in the nest and later regurgitated and fed it 
the two remaining chicks. The dead chick was the youngest of all and the possible 
reason of its death could be starvation due to sibling rivalry (ishtiaq, 1996). Sibling 
rivalry has been observed in many birds such as Wood storks (Kahl, 1964), but 
cannibalism was reported only in the case of White storks (Shuz,1957). 
f. Parental Investment 
The activities recorded on the nest were guarding and preening, preening 
(sometimes bird observed preening while brooding), brooding, feeding, nest 
cleaning, nest arranging, allopreening and display. 
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Guarding and Preening: is the maintenance behaviour of the adult which also 
include wing stretching, leg stretching, yawning. 
Preening: is recorded only when the adult is niaintaining the feathers while sitting. 
Brooding: is the adults sitting over chicks for few days soon after hatching. 
Feeding: is when chicks were fed on various kinds of food items. 
Nest cleaning: is removal of waste material from the nest. 
Nest arranging: is addition of nesting material for the nest maintenance. 
Allopreening: is mutual preening by the adults. 
The calculated percentages of activities performed on the nest by male and female 
WNS during different stages of chicks revealed that there was no difference in the 
time spent on activities by the two sexes (Fig.4.1.1 & 4.1.2). 
There was no significant difference for parental investment between the two sexes 
(p>0.001) (Table 4.1). 
The total percentage of time spent away by male and female from the nest was 
equal. As the demand increases, the parents spend increasing amounts of time 
away from the nest foraging for food. This has been shown by the studies on Wood 
stork (Mycteria americana) in Everglades (Coulter, 1990). Chicks were fed more 
during moming and evening shifts than aftemoon which shows the bimodal activity 
pattern of the WNS. The chteks were brooded during moming and evening while 
nest arranging, nest cleaning (Fig 4.1.4) and guarding were done in the moming 
and evening as well (Fig 4.1.5 & 4.1.6). 
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Fig.4.1.1 Activities of male 
Whiteneclced storic relative to chick age 
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Fig.4.1.2 Activities of female 
Whitenecked stork relative to chick age 
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Table 4.1 Percent activity on tlie nest by male 
and female Whitenecked stork (n^ 203 hours) 
Activity on nest 
Absence 
Feeding trip 
Nest arrangement 
Nest cleaning 
Preening 
Nest Guarding 
Male 
39.33 
4.90 
9.57 
2.83 
10.04 
21.27 
Female 
32.11 
2.83 
5.86 
2.39 
10.43 
18.38 
t-test 
1.27 
1.50 
1.37 
.55 
-.23 
1.16 
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Fig. 4.1.3 One week olf^  chick of Whitenecked stork 
be99inc, for food while the adult is 
standin9. 
i 
4.1.4 Cleanine, of nest by adult Whitenecked stork 
for maintenance. 
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Fig. 4.1.5 Activities of l\1ale 
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Fig. 4.1.6 Activities of Female 
Whiteneclced storic by Time of Day 
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The number of nesting material trips and feeding trips were found to be maximum 
wtien the chicks were 21-30 days old. The number of nesting material trips and 
feeding trips went down with the age of chicks (Fig. 4.1.7 & 4.1.8). 
4.2 Breeding Biology of Blacknecked Stork 
The Blacknecked stori( have never been studied in detail. Only Kahl (1971a) took 
observation on the breeding of BNS in KNP and compared it with the 
Ephippiorhynchus senegalensis found in Africa. 
Hancock et al., (1992) reported that the incubation period of BNS is still unknown 
and basic information on the habitat utilisation and movement are incomplete. This 
study was conducted to fill these gaps in our knowledge. 
The nesting of BNS in KNP starts at the end of the rainy season i.e., by end of 
September or first week of October. The first indication of site selectbn is shown by 
male by standing on the top canopy for long hours, preening and not leaving the 
area. After the site is approved by the female, both start cotlectk>n of nesting 
material. 
The BNS population has remained stable (Hancock, 1989; Rahmani, 1989a) for 
many years in KNP. Only 4-5 pairs successfully breed inside the Parte. The wetland 
area Is not large enough to accommodate more pairs and probably its population is 
regulated by tenitorial behaviour. 
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FiCj.4.1.9 Adult Whitenecked stork preenlnc, while 
guarding the nest. 
Fig.4.1.10 A 50 days old chick standint, and 
stretching wings. 
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4.2.1 Methods 
The nests were located by following Individual birds collecting nesting material. 
Observations on the activities of adults on nest were carried out with binoculars and 
telescope from hides 12-15 m above ground, depending upon the height of the 
nest. 
Data were collected on various parameters for male and female birds; 
i. number of trips to the nest which were further segregated into nesting material 
trip, watering trip and feeding trip, 
i i . different activities such as preening, guarding, feeding, nest cleaning and nest 
arranging and brooding of chicks relative to time of day and age of chicl<s. 
These observations were taken generally throughout the day. 
4.2.2 Analyses 
The activities were summarised into percentages. Data were transformed using 
arcsine transfonnation (Fowler & Cohen 1986). The collected information was 
analysed by using STATA 5.0 (1997). The differences in the activities of male and 
female were calculated by t-test. 
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4.2.3 Results 
The observations on different aspects of breeding biology were classified into the 
following categories:-
a. Breeding Habitats 
During my study period 1994-1996,1 located 12 nests of BNS inside the Pari(. The 
trees used for nesting were Acacia leucocephala. Acacia nilotica Mitragyna 
parviMia. Prosopis cinererea (for more description see nest site selection). 
b. Nests 
Of the 12 nests, two accessible nests were selected for intensive study. The 
observation on the courtship and incut)ation were taken from the dyke with 
telescope without disturbing the birds. 
Both the sexes take part in nest making. The adults participated in bringing nesting 
material like Cryptostegia grandiflora, tufts of Vetiveria zizanoides, Acacia nilotica, 
Mitragyna parviMia and grasses like Paspalum distichum. few bulbs of Water 
hyacinth {Eichhomia crassipes). 
The softer material like dried bulbs of water hyacinth were used in lining the nest 
while the twigs of Acacia nilotica and Mitragyna parvifolia were used along the rim 
of the nest. The mean depth, length and breadth of the nests recorded were 133.84 
± 32.66 cm, 109.3 ± 39.99 cm, 19.5 ± 12.62 cm (n=5) (mean ± s.d.). 
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c. Mating 
The adults were seen displaying and copulating in between the constaiction phase. 
The mean niating time vtes 15.11 ± 5.08 seconds (n^Q). 
d. Incubation 
The incubation starts with the laying of first egg. Both sexes participate in 
incubation. The period of incubation was shared equally by male and female BNS. 
In t)etween incubation, addition of nesting material and spraying of water were 
observed. In the late stages when chicks were to hatch, female was seen sitting 
most of the time over the eggs. The exact incubation period could not be recorded. 
In 1996. a pair was observed incubating for about 45 days but (he eggs were sterile 
and finally broken by crows and the nest was abandoned. The same pair tried to 
nest on another Acacia nilotica tree but could not succeed in its efforts. For more 
doser ot)servati'ons, hkle was placed after five days of hatching. 
e. Development of Chicks 
in the first nest, three chicks hatched in Novemt)er. Soon after hatching, the chicks 
were brooded for few days by the adults and were not fed on any food. As the 
chicks were quite young and vulnerable, I did not place tiie hkle near the nest at 
that time to avoid the risk of predation by Aquila eagles and Dusky homed owl 
{Bubo coromandus). The chicks were covered with brown down feathers just like a 
cotton ball. They were young t>ut still very alert of any kind of noise or activity near 
the tree especially by my dimbing up and down the hide and splash sound of 
water made by me while walking through water. After 10 days, tiiey started to 
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stretch their little wings which were still covered with the down but by this time one 
could easily differentiate between the colour of neck and body. The neck feathers 
were light brown. The chicks were guarded by an adult all the time as they are quite 
young to take care of themselves. The other adult also used to forage in the same 
wetland at a distance of 25-30 m (n=30). During that period, chicks were fed 
several times on small fishes. There was marked size difference between the three 
chicks which was obviously in the order of egg laid and hatched. The elder chick 
owing to its size, was dominant and more successful in getting food. 
After 20 days, the chicks started standing arid were often left unattended by adults. 
The chicks were fed on different food items such as small fishes, snakes, birds 
which were regurgitated on the nest fkx)r by the adults. 
After 30 days, the chicks began to exercise their wings frequently. The youngest 
chick was found dead on the nest fkx>r. The probable reason of death was 
suspected to be the starvation due to sibling rivalry. 
At 40 days, the two chicks started flapping wings very frequently and jumping on 
the nest. At 55 days, chicks were ready to fly but did not have the confidence to 
leave the nest, t could observe this when i went to put colour band and aluminium 
ring on their legs. The two juvenile stood arrogantly in a defensive manner by 
unfolding the two long wings and after some stmggle. we could manage to catch 
them for banding. 
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After 60 days, the juveniles left the nest and were found near the foraging adults. 
f. Parental Investment 
I recorded different types of activities during the incubation period and after 
hatching of the chicks. Nest arranging, preening, standing and brooding were the 
main activities. There was no significant difference (P>0.0001) between the 
parental investment of a male and a female BNS in chick rearing (Table 4.2.). As 
the nutritional demand increased, the parents started spending increasing amounts 
of time away from the nest foraging for food (Fig. 4.2.1 & 4.2.2). When the chicks 
were small, they were fed on small fishes so the numt)er of feeding trips were 
more. As they grew, larger fishes were given to them, so the number of feeding 
trips went down (Fig 4.2.5 & 4.2.6). Another reason for decrease in the trips by 
adults was less nesting material was brought as the chicks grew. Once the chicks 
could stand and balance themselves, there was no reasons for parents to bring 
nesting material to replace the rim of the nest. The parents spent more time in nest 
guarding during the early stages of the chick period when the chicks were very 
young and were not able to take care of themselves (Fig 4.2.3 & 4.2.4) 
4.2.4 Discussion 
Biparental care can improve; (i) incubation efficiency, (ii) nest and brood survival, 
and (iii) mate condition to the extent it is important for reproductive success (Oring, 
1982). My studies shows that there was no significant difference between the 
parental investment of two sexes. The parental investment refers to the amount of 
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Table 4.2 Percent activity on tlie nest by male 
and female Blacknecked stork (nB200 hours) 
Activity on nest 
lncut)ation 
Brooding 
Nest arrangement 
Absence 
Feeding 
Nest Guarding 
Preening 
Male 
38.59 
21.80 
6.89 
39.3 
4.60 
21.40 
1.25 
Female 
42.14 
32.11 
4.50 
31.20 
10.70 
31.11 
4 
t-test 
-.43 
-.71 
1.60 
.89 
-1.18 
-1.30 
-.59 
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Fig.4.2.2 Activities of Female 
Blacknecked stork relative to chick age 
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Fig.4.2.3 Female Rlacknecked stork yawning on 
nest. 
Fig.4.2.4 Female Placknecked stork preening on 
nest. 
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time and resources spared by each mate in the successful rearing of young ones. It 
Is found to be more equal In monogamous birds than polyganfK>us birds which Is 
obvious because only one parent takes care of the young ones in polygamous birds 
(JennI, 1971). The WNS being a monoganK>us bird, invested equally to Increase 
the reproductive success (Fig 4.1.9) 
The chicks were fed more during morning and evening than the aftemoon. I saw a 
case of cannibalism which I would conskler as "induced cannibalism' because the 
chick eaten by the adult and then fed to other siblings was dead. The adult initially 
tried to throw it out of the nest as the body had already started decaying and was 
attracting big swarm of files and crows. When it was unsuccessful in throwing It 
away, the parent ate it and then regurgitated to feed to the chicks. 
During my study period. 4 pairs of Blacknecked stork could successfully breed 
though all the 6 pairs initiated constructbn of nest-sites and laying of eggs in the 
Pari(. A pair was seen nesting In the Ajanbund (reservoir) for two consecutive years 
The nest was abandoned after emptying of the reservoirs as the nest site had 
become vulnerable to the ground predators and the people living in the sunrounding 
villages. 
One interesting ot)servation taken during breeding time of WNS and BNS was that 
they utilise the nesting material of the abandoned nest for the construction of new 
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nest. This is an act to minimise the time in searching and wasting energy for 
nesting material. 
The number of feeding trips and nesting material trips showed a gradual decline 
relative to chick age. The parents spent more time out of the nest as the nutritional 
requirements of the chicks were more in the later stages. When the chicks were fed 
on smaller food items, they have to feed them more frequently while bigger food 
items need to be fed more in quantity but less frequently. Secondly the chicks were 
able to take care of themselves against predators, so the parents spent less and 
less time on the nest and more time in gathering food (Fig 4.1.10). 
4.2.5 Comparative Breeding Biology of Whitenecked and Biacknecked stork 
I tried to compare the breeding biology of these solitary breeders especially in 
terms of selectton of nest site and identification of sexes. 
a. Time of Nesting: The time of nesting of the WNS and BNS stories differed. The 
WNS starts nesting with the onset of monsoon and is the first among wading bird to 
start nesting inskie the Park. The BNS starts breeding when the rain ceases. I 
wouM relate this difference in time of breeding to feeding habits and prey 
preferences. The WNS prefers to feed on amphibians, earthworms, insects and 
small fishes while the BNS feeds on comparatively large fishes. At the time of water 
release in the Park, tots of fingeriings enter with water, v\^ich are too small to be 
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consumed by BNS. After two-three months they grow up in size and t>ecome 
readily available to BNS. whence the BNS starts nesting. 
b. Identification of Soxos: The sexual dimorphism is only present in BNS: male 
with dark brown iris while female with yellow iris. There is no such difference in 
WNS but I could make out the differences on ck>se observations through hide by 
behavKHjral differences and slight change in cotour of eye lining: male with dark 
and female with Kght eye lining which pnsbably become prominent during breeding 
time only. 
c. Nesf-s/tes: The two species have different selection for nesting tree. I found that 
WNS usually nested on Mitragyna parvifolia while BNS nested on Acacia nilotica 
and Prosopis dnerarea. 
The nest size also differed significantly among them and the location of the nest on 
the tree and s^ection of tree species for nest construction. WNS nested in the 
middle, dense canopy of the tree due to its shy behaviour and BNS owing to its 
size, nested on the top canopy, from where take off and landing would be easy. 
The type of nesting material used by the two species was slightly different. The 
percentage of MHragyna parvifolia twigs were more in WNS nests and leaves of 
Mitragyna par\fifblia and Syzigium cumini were used mainly for lining the nest. BNS 
used ^caoa twigs and stacks of Vetiveria zizanddes for lining the nest. 
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d. Activities on the nest The activities performed on the nest for maintenance 
and parental investment were nrK>re or less same in the two spaces, except for 
spraying of water on eggs and chicks seen in BNS and not in WNS. This was 
mainly due to the fact that the BNS nests on the top canopy after the monsoon so 
its eggs and chicks are exposed to high radiation (Fig 4.2.8). While the WNS 
usually nests in sheltered places in the middle canopy and also during monsoon 
when chances of eggs/chicks getting heated up are less. 
e. Fledgeling Period: The fledgeling period of WNS is found to be shorter than the 
BNS. This proves the relationship of size of the bird and the fledgling period (Lack, 
1968). The WNS is much smaller (18 cm) than the BNS (23 cm). 
f. Diet of chicks: There was difference in the diet of the two species. The WNS fed 
chicks on earthworms and frogs most of the time while the BNS mostly fed fishes 
and snakes to the chk:ks (Fig 4.2.7). 
g. Behaviour with other storks: The WNS were never observed in competition 
with other stories at feeding sites, nesting sites or roosting sites but the BNS were 
seen very often pirating food regurgitated for juveniles by the adult Painted stories 
on the nest floor. This was observed only for those pair which failed to nest in the 
Pari( and abandoned their nest. 
8 3 
Fit;.4.2.7 Female Rlacknecked stork standinc, after 
feeding the three chicks on nest. 
1^  '' 1 
Fig.4.2.8 Male Rlacknecked stork arrived to feed 
^5 days old chicks on nest. 
84 
4.3 Reproductive Success of Painted and Openbill storks 
4.3.1 Introduction 
Colony nesting birds are suitable for studying the reproductive success and 
examining the theories of population regulation. Their breeding success can be 
quantified (Hancoct( and Kushlan, 1984; Hancock et al., 1992). There are many 
intrinsic and extrinsic factors which govem the success of a colony like extrenie 
temperature or rainfall, predation, competition, foraging tactics (Kushlan, 1981). 
Food availability is the main factor which governs the breeding success in birds 
(Martin, 1987). 
In Keoladeo National Paric. two species of stories are colonial breeders: Painted and 
Openbill stori(. Among all the stories in the worid, these two species have been 
studied quite well. The Keoladeo National Pari( is considered to have the biggest 
colony of Painted stoiks in the worid (Kahl, 1974) while Openbill storks have the 
largest colony at Wat Phai Lorn in Thailand (Hoyo et al., 1992). The two species 
like other wading birds show differences in various aspects of breeding biology, 
breeding success and phenology. I attempted to study their reproductive success 
so that it can be compared with other species. Reproductive success is the number 
of chicks fledged in the nest from the total number of young ones hatched in the 
nest. To avokl disturt)ance in the whole colony, it was not always possible to find 
the total clutch size of all the nests monitored. 
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4.3.2 Method 
To calculate the breeding success of Openbill and Painted storks, 60 nests were 
observed from the period of egg laying through dispersal of young ones. Weekly 
data were taken on the number of eggs, number of chicks, survival of chicks and 
fledging of chicks. The water level around the nesting site was recorded regularly 
by marked wooden sticks. As all the nesting trees were located on mounds 
sunrounded by water, nest counting was done by boat. Counting of total nests and 
adults were done at the time of roosting, thrice in each nesting colony. The 
counting for the year 1994 could not be done as the field work started in December 
and storks start leaving nest by that time. 
The difference between the fledging success of 1995 and 1996 was compared by 
using t-test. 
4.3.3 Result 
Openbill storks start coming to the park by rrad June and with the early monsoon, 
egg laying occur in the first week of July. The incubation takes around 30 days 
(Hancock et a/., 1992). The breeding of Painted storks begin by end of July to 
December. Dispersal of juveniles and adults occurs at the end of the nesting 
season. 
There was no change in nesting sites of cokmial breeders in 1994 and 1995 (Fig 
4.3.1 & 4.3.2). In the five nesting sites of Painted and Openbill storks, three mixed 
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colonies were in block L and one in block D of the Park. One colony of Painted 
stork was in block B. Of tliese five nesting sites, ttie largest colonies were located 
behind Shantikutir and towards Bakalia in block L. 
A total of 400 nests of Openbill were counted in 1994, 1052 in 1995 and 454 in 
1996. There was no change in the nesting sites in 1994 and 1995, but after two 
successive years, they changed their nesting sites in 1996 due to destruction of old 
nesting sites by excessive guano concentration. The trees start decaying with the 
accumulation of dropping which is very acidic in nature due to the presence of uric 
acid. Most of the Openbill nested in the boating area and near Sapan Mori (L bkx:k} 
(Fig 4.3.3). 
There was no change in the nesting-sites of Painted stork. B, L and D blocks of the 
Park had the major nesting colonies (Fig 4.3.4 & 4.3.5). The total number of nests 
counted was 716 in 1994,950 in 1995 and 1221 in 1996. 
Nest count may be an under estimation of birds present at the time of nesting as all 
the birds may not be breeding in the colony. The adult counts were essential for 
proper assessnrtent of status of storks in the area. A total of 1117 Painted artd 
1437 Openbill were counted in 1995 while 1356 Painted and 1052 Openbill adults 
were counted in 1996. 
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The reproductive success of Openbill stork was 74% in 1995 while 85% In 1996 
(Fig. 4.3.6 & 4.3.7). The Painted storks success was 91% in 1995 and 74% in 1996 
including unsuccessftjl nests (4.3.8 & 4.3.9). I included failed nests while 
calculating the nesting success t)ecause excluding them would not realistically 
reflect the reproductive success. The t-test showed no significant (p>0.05) 
difference t)etween the reproductive success of Painted and Openbill storks in 1995 
and 1996 (Table 4.3). 
Table 4.3 Mean Reproductive Success of Painted and Openbill storks during 
1995-1996 
Stork species 
Painted stork 
Openbill stork 
Year 
1995 
1996 
1995 
1996 
Chicks 
2.38 ± 0.55 
2.76 ± 0.91 
2.46 ± .706 
2.16 ± 0.85 
Fledged* 
2.18 ± 0.65 
2.05 ± 0.59 
1.83 ±0.85 
1.84 ±0.82 
No. of nests 
67 
62 
36 
55 
do not differ significantly (p>0.05) 
4.3.4 Discussion 
Rainfall and tinne of release of water are the major factors in the successful 
breeding of Openbill and Painted storks (Vijayan, 1991). The ultimate factor is 
concentration of fishes in the shallow pools. Such concentration of food appears to 
be essential for breeding in wading t>irds (Kahl, 1976). The water was released 
quite late (5 August) in 1995 due to delayed monsoon and a colony of around 250 
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Fig.4.3.6 Number of Chicks hatched in 
in 1995 of Openbill storic 
N 
u 
m 
b 
e 
r 
o 
f 
C 
h 
i 
c 
k 
s 
6 Sep 10 Sep 19 Sep 30 Sep 10 Oct 
Dates of Monitoring 
20 Oct 
^ Block D \ I 3 Block D1 Block D2 
'Observations startsd from 27 Aiig.1995 
Fig.4.3.7 Number of Chicles hatched in 
in 1996 Openbill Stork 
N 
u 
m 
b 
e 
r 
o 
f 
C 
h 
i 
c 
k 
s 
4 Aug 23 Aug 16 Sep 23 Sep 10 Oct 
Dates of Monitoring 
D Block C Z I L Block ^ ^ LI Block 
17 Oct 23 Oct 
'OtMsrvations startsd from 4 July 1996 
93 
Fig.4.3.8 Number of hatched chicks 
in 1995 of Painted storic 
7 Oct 14 Oct 20 Nov 17 Nov 24 Nov 
Dates of l\/lonitoring 
Block D IZZ) Block B BtockL 
5 Dec 
Block B1 
'Obsarvations Martad from 7 Sap.199S 
Rg.4.3.9 Number of hatched chicles 
in 1996 of Painted storic 
14 Oct 
E^ BlockD 
d l MockU 
30 Oct 10 Nov 23 Nov 
Dates of Monitoring 
C D Block D1 
ZD HockB 
^ BlockL 
CX] Block B-l 
1 0 D M 
BkickLI 
'ObaarvatkMM atartad from 4 Sap. 1996 
94 
Openbill deserted nests because of late monsoon. Later when the rain started, 
birds constructed nests at new sites. Abandoning of nests due to late monsoon has 
been reported earlier (Vijayan. 1991), The year 1996 had been a flood year for 
Bharatpur and birds nested on time but could not utilise the Park for foraging due 
to increased level of water. The water level decreases in two to three months. A 
gradual decline in level of water was seen around the nesting-site which dried up 
by January except for small pools and roadside puddles in the Park and that is the 
time when birds start dispersing out of the Park. Water depth fluctuations and 
hydroperiods largely determine the character of wetland plant communities and are 
critical to many wading birds (Kushlan, 1989). 
Absence of Openbill nests In B block is attributable to the predominance of 
Paspalum disticum and nonavailability of open water spaces unlike in blocks L and 
D. Vijayan (1991) reported that Openbill prefered those areas for nesting where 
water hyacinth {Eichhomia crassipes) was absent. Open sites give a feeling of 
safety to the birds. However, most of the nesting sites of Painted storks were 
choked with water hyacinth. 
Number of adult birds were higher than the total number of nests for Openbill and 
Painted stork. This proves that many adult birds were not nesting in the Park during 
1995 and 1996. 
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Impact of guano deposition by water-birds at Vedanthagal water-bird sanctuary in 
Tan i^l Nadu was studied by Paulraj (1989). He estimated that more than 25,000 
breeding and non-breeding water birds congregate during the season inside the 
tank. Daily deposition of large amounts of droppings by these birds in this compact 
area of 30 ha. makes the tank water turbid and the tank water is converted into a 
'liquid guano' in due course. When this guano rich tank water is used for irrigating 
the fields, it enriches the soil with phosphate and nitrate fertilizers. Such an 
increase in fertility due to the addition of guano by water-birds was reported by 
Salim Ali (1983) at Keoladeo Nattonal Park. 
In a wetland like Keoladeo. where the whole system is man managed except for the 
anival of monsoon, the level of water and fishes have been estimated for each 
block. The water brings large quantity of food sufficient for bird like Painted stori( 
which needs around 90 tons offish annually (Ali, 1953). 
There was no mamnralian predator to the young birds but few attempts of predation 
by Greater spotted eagle {Aqi^ pomarina) were seen. One pair of Black-necked 
stork was often seen scavenging on the food regurgitated by the adult Painted 
storks for the juveniles. This was eariier reported also by Naroji (1990) while 
working on eagles in KNP. 
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CN^OerS 
Habitat Utilisation by Stories 
5.1 Foraging site selection in stories 
5.1.1 Introduction 
The term habitat utilisation has t)een used many times in the literature of birds and 
other animals for the assessment of their habitat requirements. Movement of the 
birds are also governed by the habitat quality and thus they distribute themselves in 
space and time. Habitat quality can be defined as the suitability of an area to 
support a reproducing population of a given species or group of species (Maures, 
1986). The evaluation of habitat quality is a prime concern in development of 
management plans, impact assessments, mitigation studies and multiple resource 
use strategies. Cody (1985) stated that habitat use by birds is influenced by 
vegetation structure. I feel that the water birds are quite selective in this respect in 
order to enhance their foraging efficiency. 
Many researchers have attempted to approach the assessment of habitat quality 
using multivariate statistical methods (James. 1971; Whitnmre. 1975; Whitmore, 
1977). Several studies on birds have considered partitioning mechanisms among 
coexisting heron species. Whitfield and Blaber (1979) found that segregation was 
achieved through a combination of prey size and wading depth among four different 
size herons in l^ke St. Lucia, Natal, South Africa. Custor and Osbom (1978) found 
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that Great egrets {Egretta alba) fed in deeper water than did the smaller Snowy 
egret (Egretta thula) and Tricolored heron (Egretta tricolor). Wlllard (1977) working 
in fresh and salt water marshes in New Jersey found that larger herons ate larger 
fish and fed in deeper water than did smaller herons. These studies address the 
habitat utilisation by the an assemblage of storks for common resources in a 
tropical wetland ecosystem. 
The habitat utilised can be in terms of nesting, foraging, roosting, resting or defining 
a territory for display. The present study was conducted to look for the habitats 
used by four species of storks for nesting, foraging and roosting. Habitat use with 
regard to foraging was studied for all the four species while habitat utilised for 
nesting and roosting habitat use was studied only for Whitenecked and 
Biacknecked stork. 
5 . 1 ^ Methods 
Intensive vegetation sampling was done at all the feeding sites of each of the four 
species of storks. A systematic random sampling design was folbwed. At each 
sampling point, a 0.5 m x 0.5 m quadrat with 25 subdivisions of 10 x 10 cm each 
was used to record presence and absence of species and cover values. A total of 
50 plots were sampled at each site. Plots were placed at 5 metres interval and at 
each sampling site, the folk>wing parameters were recorded: 
98 
i. Water level I.e.. depth of water 
ii. Percent vegetation cover by counting the subunits of the quadrat. The vegetation 
was classified into three classes; 
a. Floating vegetation 
b. Submerged vegetation and 
c. Emergent vegetation 
The feeding sites of Whitenecked stork were shallow water bodies between 
forested areas. These sites were sampled for trees, shrub and ground cover of the 
different plant species. Point-centred-quarter (PCQ) method (Muller-Dombois & 
Ellenberg, 1974) was used to sample trees and shrubs. A total of 50 samples of 
trees and 50 points of shrubs were taken. At each point following parameters such 
as distance to nearest plant species for each quarter, girth at breast height (GBH), 
were recorded to calculate tree and shrub density. In each quarter distance to the 
nearest plant species was recorded; trees < 30 cm of GBH, height, tree species, 
shrub species. 
Parkers' two step method (Sale and Berkmuller, 1988) was used to sample 
ground cover whrch gives the percentage of ground covered by vegetation and the 
composition of that vegetation in terms of fi'equency of plant types or species. 
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5.1.3 Analyses 
The Hierarchial cluster analysis was performed to classify the foraging sites of each 
species by using SPSS 6.1 (1994). The percent cover and relative frequency of the 
plant species encountered in each quadrat was calculated. PCQ method was used 
to calculate the density, frequency, dominance and diversity of the patches utilised 
for foraging by Whitenecked stork. Relative frequency, dominance and density 
were used to compute Importance value indices (IVI) (Mueller-Dombois & 
Ellenberg, 1974). 
5.1.4 Results 
The foraging sites were identified for all the four spedes-Whitenecked, 
Blacknecked. Openbill and Painted storks. The feeding behaviour and preference 
for prey species differs anrtong the four stork species thus the area utilised for 
feeding in the Park. These sites were marked on the gridded map and later a 
detailed vegetation sampling was done. Since the feeding sites differed to a great 
extent between Whitenecked and rest of the stork species, the method of sampling 
varied. The data collection on the foraging ecology and the habitat utilised were 
started in 1994. 
5.1.4.1 Foraging sites of solitary nesters 
a. Blacknecked Stork 
Four types of foraging sites of the BNS were seen during the study period. These 
sites were marked on the nfiap and were sampled when the storks were absent in 
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to avoid t these areas he disturbance. Total 13 plant species were recorded during 
the sampling of these sites. Azolla pinnata, Spirodela polyrhiza, Wolffia globosa 
and unidentified Algae were the dominant floating species, Uthculaha spp., 
Paspalum distichum, Ipomea aquatica, Hydrilla verticillata were the submerged 
species while Eleocharis dulcis, Eichhomia crassipes, Cyperus rotundus, 
Echinocloa colonum and Paspalidium punctatum were the dominant emergent 
species. 
In E block (site 1) (see study area for block characteristics), the cluster analysis 
showed first grouping between Spirodela polyrhiza and Wolffia globosa which 
constituted the floating vegetation followed by Hydrilla verticillata and Cyperus 
rotundus assembling also with Spirodela polyrhiza and Wolffia globosa, Algae, 
Paspalum distichum, Echinocloa colonum, Eleocharis dulcis (Fig 5.1.1). The 
species structured at an increasing or higher euclidean distances in the hierarchial 
order were Ipomea aquatica, Paspalidium punctatum, Utricularia spp. and Azolla 
pinnata. The relative frequency of a Azolla pinnata, Paspalidium punctatum, 
Ipomea aquatica, Utricularia spp. was found to be highest and cover values of 
Azolla pinnata (28.6), Paspalidium punctatum (23.4) and Utricularia spp. (13.3) 
were high followed by rest of the species (Fig 5.1.2). 
In D block (site 2), Cyperus rotundus and Spirodela polyrhiza showed first grouping 
followed by Wolffia globosa and Hydrilla verticillata, Eleocharis dulcis, Paspalum 
distichum, Algae, Utricularia spp., Paspalidium punctatum and i4zo//a pinnata (Fig 
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F i g . 5 . 1 . 2 Relative frequency and cover of aquatic vegetation 
at Blacknecked storks' foraging si te- E block 
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5.1.3). The cover values of Azolla pinnata (29.3), Utricularia spp. (11.7) were high 
(Fig 5.1.4) and relative frequency of Azolla pinnata, Paspalidium punctatum, 
Ipomea aquatica. 
The block K (site 3). Cypems rofundus-Algae showed first grouping follwed by 
Spirodela polyrhiza-WolffIa gl<Ax)sa, Utricularia spp.-Paspalidium punctatum (Fig 
5.1.5). The Ck>ver values of Paspalidium punctatum (27.4), Azolla pinnata (23.8) 
were high followed by rest of the species (Fig 5.1.6). The mean water depth 
recorded at the foraging site of Biacknecked stork was 40.24 ± 9.50 cm. 
b. WhKenecked stork 
A total of nine species of trees were recorded at the foraging sites of Whitenecked 
stork. The mean water depth at the foraging site was 10 ± 3.45 cm. The main tree 
species were Acacia nilotica, Mitragyna parvifolia. Ziziphus mauritiana, Syzigium 
cumini. Prosopis chilensis, AltMzia lebl)ecl(. Prosopis cineraria, Salvadora persica 
and Kirganelia reticulata. Acacia niloUca occurred in highest density 46.2 
trees/hectare and was the most important species with an IVI of 180 and other 
dominant species which are in Table 5.1.1 
Two species of shrubs were sampled at the foraging site of Whitenecked stork; 
Prosopis chilensis and Kirganelia reticulata. Kirganelia reticulata has the highest 
density 70.99 shrub/m^ followed by Pros<^is chilensis (Table 5.1.2). 
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Fig.5 .1 .4 Relat ive frequency and cover of aquatic vegetation 
at Blacknecked storks' foraging s i te-D block 
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F ig .5 .1 .6 Relative frequency and cover of aquatic vegetation 
at Blacknecked storks'foraging si te-K block 
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Table 5.1^ Shrub density at foraging sites of Whiteneclced storic 
Shrub species Density Relative Frequency Relative 
Density Frequency 
Prosopis chilensis !68 25.95 14 0.26 
Kirganelia reticulata 1.86 70.99 38 71.69 
Cynodon dactylon and Oxalis oxidentalis were the two dominant species 
encountered. The relative frequency of Cynodon dact^on was 75% and Oxalis 
oxidentalis 25%. 
5.1.4.2 Foraging sites of coionial nesters 
Like solitary nesters. foraging sites of the colonial nesters namely Painted and 
Openbill storks also differed In terms vegetation composition and feeding sites. 
a. Painted Storic 
I recorded 15 plant species at the foraging sites and placed them into three 
categories: Floating vegetation was constituted by Azolla pinnate. Algae, Spimdela 
polyrtiiza and Wolffia glotiosa; submerged vegetatk)n by Utricularia spp., Paspalum 
distichum, Ipomea equatica and Hydrilia verticHlata', and emergent by Panicum 
paludosum. Vetiveria zizanoides, Echinocloa colonum, Eleocharis dulcis. 
Eichhomia crassipes. Cyperus rotundas and Paspalidium punctatum. 
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First grouping was formed by Paspalidium punctatum which is an emergent species 
with Eleocharis dulcis, Spirodela potyrhiza, Eichhomia crassipes. Algae, Cyperus 
rotundus and Echinocloa colonum which are all emergent except for the two. This 
group forms an emergent assemblage of species. The second assemblage 
according to the hierarchial duster is formed by Vetiveria zizanoides with all the 
above species and showed again an emergent assemblage. (Fig. 5.1.7). The group 
at the highest eudidean distance was fomned by Azolla pinnata with Panicum 
paludosum and all the remaining spedes. Azolla pinnata (40), Panicum paludosum 
(18.7) and Utricularia spp. (14.6) had the highest cover whereas high values of the 
relative frequency were recorded for of Azolla pinnata, Panicum paludosum and 
Hydrilla verticillata (Fig 5.1.8). 
The second foraging site (block E) showed two major dusters between 
Paspalidium punctatum-Vetiveria azanoides and Azolla pinnata with rest of the 
spedes (Fig. 5.1.9). The percent cover of Azolla pinnata (45.5), Paspalum 
distichum (28) and Echinocloa colonum (17) was high while relative frequency of 
Azolla pinnata, Paspalum distichum and Panicum paludosum were high in 
comparison to other spedes found in the foraging sites (Fig 5.1.10). The mean 
water depth recorded at the foraging site of Painted stork was 21.83 ± 3.14 cm. 
b. Openbill stork 
Eight spedes of plants were recorded at the foraging site of Openbill stork kx:ated 
in L block. These spedes comprise Azolla pinnata, Hydrilla verticillata, Panicum 
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Fig.5.1.8 Relative frequency of aquatic vegetation 
at Painted storks'foraging site-L block 
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F i g . 5 . 1 . 1 0 Relative frequency of aquatic vegetation 
at Painted storks'foraging si te-E block 
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paludosum, Vetiveria zizanoides, Algae, Paspalidium punctatum, Wolffia globosa 
and Utricularia spp.. The species formed two major clusters between Vetiveria 
zizanoides-Utricularia spp. and Azolla pinnata with rest of the species (Fig. 5.1.11). 
The relative frequency of Azolla pinnata, Panicum paludosum, Hydrilla verticlllata 
and percent cover of Azolla pinnata (50.5) and Panicum paludosum (22.7) were 
high (Fig 5.1.12). 
The second foraging site located in E block had three species associations Algae-
Paspalidium punctatum, Utricularia spp.-WolfRa globosa -Paspalidium punctatum, 
Mgae-Vetiveria zizanoides-Panicum paludosum forming another and the thinJ 
association was of Azolla pinnata with other species (Fig. 5.1.13). Percent cover of 
Azolla pinnata (39) was higher than Panicum paludosum (22.7) while relative 
frequency of Azolla pinnata was higher than other species (Fig. 5.1.14). The water 
depth at the feeding site of Openbill stork was 19.21 ± 4.73 cm. 
5.1.4.3 Differential habitat use pattern in solitary nesters 
The foraging sites of Blacknecked and Whitenecked storks differ to a great extent 
in the composition of plant species. Wetland areas with more aquatic vegetation 
such as Paspalum disOchum, Eleocharis dulds, Echinodoa colonum and Cypenis 
rotundus were frequently utilised by Blacknecked stork. The foraging site of 
Whitenecked stork was dominated by tree species such as Acacia niloUca, 
Mitmgyna parvifolia. shrubs such as Organella reticulata and ground cover of 
Oxa//s oxidentalis and Cynodon dactylon. No tree species was encountered at the 
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Fig .5 .1 .12 Relative frequency of aquatic vegetation 
at Openbill storks' foraging si te-L block 
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Fig.5.1.14 Relative frequency of aquatic vegetation 
at Openbill storks'foraging site-E block 
50 
40 
30 
20 
10 i i 
C8 
C 
c 
• H Q . 
CB 
»-l 
• H 
O 
N 
< 
9 
CS 
C I 
rH 
< 
E 
3 
+^  
a 
c 
3 
Q . 
E 
3 
•H 
TJ 
• H 
(8 
a. 
CD 
Q . 
1/ / ^^^^B 
CO 
CO 
O 
A 
o 
o 
CO 
- H 
H -
H -
i H 
O 
S 
« 
CL 
a. CO 
CO 
c 
CO 
t H 
3 
O 
• H 
C-
4-» 
3 
CB 
CD 
• - I 
O 
- H 
•M 
C. 
• 
> 
CD 
r-t 
i - l 
•H 
C 
•D 
> 
X 
E 
3 
C 
O 
O 
E 
3 
O 
•H 
C 
(0 
Q. 
ID 
• 
•D 
•H 
O 
QFrequency 
B% Cover 
CD 
N 
•H 
N 
CD 
•H 
C 
• 
> 
•H 
• 
> 
Aquatic Vegetation 
120 
foraging site of Blacknecked stork. There was significant difference (X'=34.75, 
p<0.001) in nfiean water depth of the foraging sites of Bladcnecked and 
Whitenecked storks. 
5.1.4.4 Differential tiabltat use pattern in cdoniai nesters 
There was slight difference in the feeding hatxtat of Painted and Openbill storks. Ail 
the feeding sites of Painted stork were characterised by areas where aquatic 
vegetation comprised of Algae, Ipomea aquatics, Hydrilla verticillata, Echinodoa 
colonum and Eleocharis dulcis whereas Openbill stork fed at the sites dominated 
by species such as Paspalidium punctatum and Vetiveria zizanoides. The mean 
water depth at the feeding site of Painted ^ r k was 21.83 ± 3.14 cm while the 
feeding depth of water at Openbill's foraging site was 19.21± 4.73 cm. There was 
no significant difference (X^^iee, p>0.05) in the water depth of foraging sites of 
Openbill and Painted storks 
5.1.5 Discussion 
Wetland ecosystems are one of the most dynamic and productive ecosystems. 
Wetlands with a higher nutrient content are more productive than those with a 
lower nutrient content (Cole, 1983 cited in Merendino and Ankney, 1994). I feel that 
the higher nutrient content is related to the f^rologic connectivity and openness of 
the wetland. Wetland choked with weeds like Eichhomia crassipes have low 
nutrient content than an open water body which allows free flow of sunlight to the 
different zones. A slight fluctuation in water level changes the species composition 
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as some species prefer to grow in less water while some in deeper water levels. 
Vegetation structure has been the primary attribute measured to examine habitat 
selection by birds (James, 1971; Whittmore, 1977). 
I found different kind of composition of plant species at the foraging sites of all the 
four species of storks. The Openbill storks used more areas dominated by 
Paspalidium punctatum and Vetiveria zizanoides which probably grows' in less 
water. Paspalum distichum was less in number which was the species occurred 
more at BNS site. As mentioned earlier, the Whitenecked stork preferred more 
forested areas with small pools for feeding. These sites had lot of ground cover and 
with high soil moisture which are probably favourable for insects. The Whitenecked 
storks were seen many times feeding on insects especially those found in small 
flooded grasslands. There was a clear resource segregation among these four 
species. It has also been proved by foraging ecology of the storks. This was quite 
well supported by Kushlan (1978, 1981) that species of wading birds within a 
community tend to partition resources and to show low overlap in habitat, time of 
feeding, prey size and feeding behaviour. Recher et ai, (1983) have described 
differences in water depth and vegetation between foraging Australian heron; Horn 
(1983) found differences in prey, space, time and habitat, and Niethammer & 
Kaiser (1983) In prey in North America. Fasola (1986) studied the species pairs 
showing niche segregation in non-agricultural habitats (Night heron-Little egret & 
Grey-Purple herons) and which have the potential to compete for resources owing 
to morphological similarities. 
^ 
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Davis & van der Valk (1988) studied the vegetation structure of Keoladeo National 
Park (KNP) and reported the fast spread of Paspalum distichum with maximum 
cover followed by Ipomea aquatica then Hydrilla verticillata. Middleton (1992) 
discussed about the preference of Paspalum distichum dominated patches by the 
Greylag goose {Anser ansei) and Cynodon dactylon patches by Barheaded goose 
{Anser indicus) in KNP. It was also clearly mentioned that the geese do not select 
sites within aquatic areas of the KNP based on the composition of plant community, 
therefore no generalisatton can be made for encouraging a particular plant species 
in a particular habitat of the Park. 
I feel that the presence of Paspalum distichum can attract a large number of 
waterfowl such as Greylag and Barheaded geese but birds such as storks and 
herons which need open, clear water to feed on fishes, growth of Paspalum 
distichum is not good. Besides Paspalum distichum, the other weed which is 
restricting the growth of other plants and movement of birds is Eichhomia 
crassipes. During the study period. I have observed the change of foraging site 
caused by the spread of Eichhomia crassipes. 
There were certain sites which resembled in vegetation composition with the 
foraging sites but these sites were never utilised for foraging by Blacknecked 
stork. Prot)ably the Paspalum distichum was too thick to wade for the species. It 
would have been interesting to sample the unused site only then it can be infemed 
with certainty which was not possible due to time constrain. The foraging sites of 
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Painted and Openbill stork are ephemeral in nature. The low level of water dries up 
quickly and the birds have to look for other potential sites vt^ ich is the main reason 
for leaving Park in January as all the puddles and pools dry by that time. 
Openbill and Painted storks are specialised feeders which require a certain level of 
water for efTiciently foraging. Even a slight change in water level forces the birds to 
move to other sites. Blacknecked storks on the other hand are generaiist, can feed 
on a variety of food Items and have been observed in the Park all the year round. 
The four species can be seen utilising same sites only in June before monsoon, 
when the fishes gets concentrated in deeper pools (They face competition for a 
little time as the rain brings water which mean more fishes to the Park.). 
I think that in order to have a good population of any species, habitat needs to be 
healthy in all possible ways. Food availability is the prime factor which governs the 
selection of site for breeding and other purposes. In KNP, fishes are abundant and 
distributed in the whole wetland but dense vegetation restrict the distribution of 
birds to utilise the habitat evenly. 
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5.2 Nest-site characteristics of soiitary breeders 
5.2.1 Introduction 
Habitat selection involves the choice of particular habitat among the available 
habitats which results in non random distribution of birds in space. Partridge (1978) 
defined two factors for the selection and use of a particular area by an animal. 
Habitat selection can be in tenns of tenitory selection, feeding site selection, roost-
site selection or nest-site selection. There are two Actors: proximate and ultimate 
which are important in the life of any organism. Proximate factors are used to 
evaluate a site. Proximate factor can be any characteristic of the environment that 
a organism uses as cue to behavioural or physiological responses. These can be 
understory, canopy spread, canopy height or slope. The presence or absence of 
animal of the same or other species as they may act as competitors or predators 
and may influence habitat use. Ultimate factors are the parameters that determine 
the success of an animal within a particular habitat like animals' ability to 
reproduce, obtain food, and avoidance of predators. 
Nest site selection involves selection of a site for construction of nest prior to egg 
laying. The selection of appropriate nest site is vital for the reproduction of birds 
because it detennines the environment to which adults, eggs and altricial chicks will 
be exposed during critical periods. The site selection and making of nest provide 
the necessary protectk>n against predation of eggs and nestling. The nest will be 
affected by environmental conditions such as exposure to the winds, protection 
from storms and nest architecture. 
125 
The selection of nest-site is a difTicuit task in solitary breeders. In colonial breeders, 
the birds follow other birds of the colony to the foraging grounds which act as 
infomnation centre (V\^rd & Zahavi, 1973). Solitary breeders have different 
strategies for avoiding risk of predation and thus selection of safe nesting site is 
important for the successful breeding (Frederick & Collopy, 1989). 
The nesting season of Whitenecked stork begins before the onset of monsoon 
while Blacknecked storks start breeding by the end of September-October (after 
the monsoon). Like other wading birds, the breeding success of Blacknecked stori< 
depends on the amount of rainfall and time of water release inside the Park. 
Monsoon acts as triggering factor for the breeding and water brings tons of 
fingeriings, about 19 milKon (Vijayan, 1991) which grow up by the time Blacknecked 
stork starts nesting. R^uvenation of insects and earthwomns provide food for the 
Whitenecked stork. 
5.2.2 Method 
All the nests of the Blacknecked and Whitenecked stori(s were identified by 
following the adults collecting nesting material to the tree. Each nesting tree was 
sampled for knowing the detailed vegetation structure which can be later 
interpreted in tenns of selection strategies. Sampling was done around each 
nesting trees by using belt transect of 6m (3m on both sides) width and 30 m of 
length in four directions firom the nesting tree. All the trees within this transect were 
identified. Measurements were taken from each tree for GBH (girth at breast 
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height), height, tree species and canopy spread. Nest material and nest dimensions 
were also recorded. The variables used are as follows: 
1. Nesting tree: Tree species selected for the nest. 
2. Tree height Height of the tree was estimated. 
3. GBH: The diameter of the tree supporting nest at the height of 1.5 m. 
4. Canopy. Canopy of the nesting tree. 
5. Nest position: The position of nests was categorised into two types in relation to 
its orientation on the nesting tree i.e. distal and proximal. 
In distal position nest is present on the main branch of the tree while proximal is at 
the side branch of the tree but nests were always on the top canopy in both the 
positions. 
6. Water level: Level of water around the nesting tree. 
7. Water source: Nearest unoccupied block with water that the birds use in the 
Pari<. 
8. Park boundary. Shortest distance of the Park boundary from the nesting tree. 
9. Water source outside the Park. Presence of any wetland outside the Park 
boundary. 
10. Distance to road: Nearest road to the nesting tree. 
11. Distance to nest Distance to the nest of other nesting species which could be a 
potential predators such as raptors, owls, cats. 
12. Nest height The distance from the bottom of the nest to the water. 
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5.2.3 Analyses 
Principal Component Analysis (PCA), an ordination technique was performed on 
the nesting data to find out important factor(s) responsible for nest site selection in 
Blacknecked and Whitenecked storte. All analyses was performed on STATA 5.0 
(1997) and SPSS 6.1 (1994). 
5.2.4 Results 
During my study period, six pairs of Blacknecl<ed stork were seen inside the Pari(. 
The breeding sites of Blacknecked stork for most of the pairs in KNP remained 
unchanged over the years. Total of 12 nests were constructed during 1994-1996 
and all the nesting trees were located in water. Four species of nesting trees were 
identified: Acacia nilotica, Mitragyna parvifolia, Prosopis cineraria and Acacia 
leucophloea. Acacia nilotica was most commonly used among all the tree species. 
Sonie of the trees used for nesting were covered with climbers such as 
Cryptostegia grandiflora. 
The status of Whitenecked stori( has remained neglected in the past. This study 
was the first attempt to know about the nest-site selection in the species. Total 15 
nests were counted during 1994-1996. Not much infonmation on the nesting couM 
be gathered during 1994 as the breeding was over by the time I started studies. 
Mitragyna pan/ifolia was used inskle the Park for nesting while few nests were 
found outskle the Park on Dalbergia sissoo. In both the species, nest-site selectkHi 
involves a joint selection by male and female. 
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5.2.4.1 Blacknecked stork 
a. Habitat Relationships 
PCA performed on all the variables showed three main factors. The first three PC's 
explained 70% of the variation in nest site characteristics. Loading of nest site 
characteristic variables on the three components can be interpreted as relative 
importance of different factors. The first component accounted for 30% of the total 
variance. The first PC is highly positively correlated with canopy spread, GBH, and 
distance to road from the nesting tree. High values on tfie first component 
con^espond to habitat with high basal area and canopy spread while distance to 
road gives protection and less disturbance. The second component accounted for 
an additional 27% of the total variance (Fig. 5.2.1). This component was negatively 
correlated with GBH and canopy spread and positively conrelated with the land area 
and the Park boundary. The high values corresponds to increase in distance to 
land area and from the Park boundary to avoid the disturbance by villagers. 
The third component accounted for 13% of the total variance. The water level is 
highly positively correlated third component but no single factor made a prominent 
contribution (Table 5.2.1). 
b. Comparison between nesting and non-nesting trees 
The t-test showed significant (p<0.0001) difference between height, canopy spread, 
GBH of nesting and non nesting tree (Table 5.2.3). 
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Table 5.2.1 Results of Principal Component Analysis of Blacknecked Stori('s 
Nest site characteristics 
Habitat Variables 
Tree Height (THGT) 
Girth at breast height (GBH) 
Canopy (CAN) 
Water source (WSOUR) 
Land area (i_AREA) 
Pari< boundary (PBOUN) 
Water source outside (WSOUT) 
Distance to road (DROAD) 
Distance to nest (DNEST) 
Water level (WLEV) 
Percent Variation 
Cumulative Percent Variation 
Principal Components 
1 
0.544 
0.774 
0.817 
0.474 
0.411 
-0.247 
0.443 
0.612 
-0.633 
-0.132 
30.0 
30.0 
II 
-0.592 
-0.089 
-0.130 
-0.330 
0.774 
0.827 
0.429 
0.677 
-0.010 
0.544 
27.0 
57.0 
III 
0.196 
0.531 
0.101 
-0.368 
-0.252 
0.039 
-0.567 
0.144 
0.097 
0.671 
13.3 
70.3 
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5.2.4.2 Whitenecked stork 
a. Habitat Relationships 
In Whitenecked stork, eigenvalues of three factors were greater than one. The first 
three PC's explained 98% of the variation in nest site characteristics. The first 
component accounted for 51% of the total variance. The first PC is highly positively 
conrelated with GBH, water source outside the Pari( and distance to road from the 
nesting tree. High values on the first component correspond to habitat with high 
basal area while distance to road gives protection and less disturbance. The 
second component accounted for an additional 36% of the total variance. This 
component was negatively correlated with GBH, water source outside the Park and 
the Park boundary and positively correlated with canopy spread, distance to nest 
of other species and water source inside the Park. The high values corresponds to 
decrease in distance to feeding site and dense foliage (Fig 5.2.2). 
The third component accounted for 11% of the total variance. The tree height is 
highly positively correlated while rest of the factors have no prominent contribution 
(Table 5.2.2). 
b. Comparison between nesting and non-nesting trees 
The t-test showed significant difference (p<0.0001) between height, canopy spread 
and GBH of nesting and non nesting trees (Table 5.2.4). 
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Table 5.2.2 Results of Principal Component Analysis of Whltenecked Stork's Nest 
site Characteristics 
Habitat Variables 
Tree Height (TGHT) 
Canopy (CAN) 
Girth at breast height (GBH) 
Water source (WSOUR) 
Park boundary (PBOUN) 
Distance to road (DROAD) 
Distance to nest (DNEST) 
Water source outside the Park (WSOUT) 
Percent Variation 
Cumulative Percent Variation 
Principal Components 
1 
-0.555 
-0.017 
0.922 
-0.291 
0.960 
0.898 
0.460 
0.955 
51.1 
51.1 
II 
0.608 
0.834 
-0.004 
0.948 
-0.006 
0.413 
0.878 
-0.144 
36.5 
87.6 
III 
0.568 
-0.551 
-0.384 
-0.049 
0.279 
0.153 
0.047 
0.258 
11.8 
99.4 
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5.2.5 Discussion 
The nesting of Whitenecked in KNP starts with the onset of monsoon and as 
reported by Ali & Ripley (1987) it differs in north and south India. The WNS breeds 
from December to March in south India. 
The major factors for the selection of nesting site were found to be height of the 
trees, GBH and the canopy spread. 
The Blacknedced stork used Acacia nilotica due to the presence of thoms nests 
were inaccessible to predators. Whenever Mitragyna parvifolia was selected as 
nesting-site, trees were either very tall and dense or covered by a climber 
Cryptostegia grandiflora. The nest was on an inaccessible branch and difTicult for a 
ground predator to reach. An attempt was made to take nest dimensions of all the 
nests but presence of Cryptostegia grandiflora made it difficult for me to approach 
it. 
All the nesting trees were tall with large GBH and dense canopy spread which 
provided protectton from predation. The nests of Blacknecked stork were on the top 
canopy from wfiere most of the surrounding area was visible and helped in easy 
takeoff and landing on the nest by the birds. This is absolutely in contrast to the 
Whitenecked stork which preferred to nest in the middle, dense and hidden strata 
of the tree. 
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The nesting trees of Whitenecked stork found inside the Park were Mitragyna 
parvifoila while Dalbergia sissoo was selected as a nesting tree outside the Park. 
The prot>able reason for this could be that the wood of Mitragyna parwfolia is used 
for many purposes and has a high value in the market so it is not so abundant in 
the unprotected areas. Mitragyna parvifoila was stolen several times for wood from 
the Park. The foliage of Mitragyna parvifoila is denser than Dalbergia sissoo which 
has the advantage of height only and probably that could be a reason for the 
available for this species outside the protected area. 
Water level was significantly related to the nest-site selection as expected because 
one pair of Blacknecked stork was observed for two consecutive years attempting 
to nest in Ajanbund area at the time of nxmsoon. As soon as the water was 
drained, the pair abandoned the nest and selected another site. This observation 
lead to the conclusion that presence of water around the nesting tree may be 
important even inside the Park as it reduces the accessibility to local villagers who 
come finequently in the Park to cut grasses around the nesting tree. 
Butler (1994) discussed about the food as a limiting resource during the breeding 
season in context with the colonial breeder. Birds prefer to nest within their feeding 
tenitory or feed within their nesting territory and thus reduce the number of trips 
and increase vigilance for predators. This was observed many times in case of 
Blacknecked stork which feed near the nest within their nesting tenitory, at a 
distance of just 25 m (n=30). In the case of Whitenecked stork, which is much 
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smaller than the Blacknecked and prefers comparatively shallow areas of water to 
feed, nested near the Park boundary where water level remains at low level. Thijjs '^  / 
explains the positive correlation between selection of nesting site closer to the Park 
t>oundary. The water level outside the Park, especially in the numerous puddles, 
used to be less thus providing an ideal habitat for the WNS to forage. Relationship 
between water level changes and foraging of wading bird has been demonstrated 
for a number of species (Kushlan, 1978). It was clearly observed in Wood stork 
(Mycteria americana) (Kahl, 1964) which began to nest at a specific water level. In 
Whitenecked stork, nest-site selection and egg-laying occur before the onset of the 
monsoon when the water is ideal for foraging inside the Park but soon after the 
rains when the area gets flooded, it affects the foraging site as it needs shallow 
feeding grounds. 
The vicinity of marshes as potential food sources and reduced risk of mammalian 
predation in water are supposed to be the major factors for the nest site selection in 
marsh nesting birds especially where these qualities ovenweigh the disadvantages 
of competition for nest sites, avian predators and nest parasitism and mortality due 
to sudden flood tides (Rosenzweig, 1981, 1985 ; Burger,1982). Nest predation has ^, 
a significant role in evolution of many aspects of avian nesting behaviour (Lack, 
1968; Burger, 1982). Among ciconiiformes, there is almost no group or individual 
nest defence behaviour and even low predation apparently is capable of destroying 
very large colonies (Baker, 1940; Sheilds and Pamell, 1986; Rodgers, 1987). 
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In Keoladeo National Park (KNP), the abundance of food and absence of raptors 
during summer and controlled regulation of water level in different blocks help in 
successful breeding of the birds every year. The nesting trees which were not 
surrounded by water, there was no potential predator for the birds except perhaps 
the Jungle cat (Felis chaus). I have never seen any mortality due to predation on , ^ ^ 
these solitary breeders. ^ 
McCrimmon (1978) studied nest-site selection among five species of herons on the 
North Carolina Coast. PCA revealed four components of nest sites: vegetation 
structure, accessibility, protection and placement of the nests. McCrimmon's 
heronry was in heterogenous vegetation and species segregated themselves within 
certain areas. In KNP, there was intra-specific competition for nest-site and the 
White-backed vulture {Gyps benghalensis) was the only species which had direct 
competition with storks for nest-sites. For two years, a pair of Blacknecked stork 
had to leave half constructed nest due to the presence of vultures. In the case of 
Whitenecked stork as well, it had been observed once where vultures succeeded in 
expelling out the pair from the selected site. 
The selection of nest-site by the birds is for those sites which Increase its 
reproductive success, protection from predators and relying on their past 
experience, birds re-use these nesting site like the colonial breeders (Butler, 1994). 
I also found that two nests were re-used by the Whitenecked and Blacknecked 
storks. 
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Bird populations are regulated by territorial behaviour (Lack. 1968 ; Fretwell & 
Lucas, 1970 ; Patterson, 1980). Based on the movement of marked individuals, I 
found that the ENS Is a highly territorial bird and a pair would not allow any other 
pair or solitary individual In its tenitory. Almost a stable population of six adult pairs 
of BNS and a high floating' population, proves that all the potential territories are 
already occupied and there is a quick replacement if an individual or a pair 
disappears or dies. 
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Chapter 6 
Activity Budget of Stories 
6.1 Introduction 
Time and activity budgets provide quantitative description of an animals t}ehaviour 
and aid in assessing its modes of reproduction and foraging (Orians. 1961). Long-
term single species intensive research is necessary for answering many important 
questions of t}ehavioural ecology. These kind studies are more helpful in long-lived 
animals such as wolves (Mech, 1970), chimpanzee (Goodall, 1965), jays (Brown, 
1970 ; Woolfenden, 1975) for wNch population data are essential. Kahl (1966; 
1972 a, b. c, d, & e ; 1973) studied comparative behavioural ecology in dconiidae 
and the phoenicopteridae (Kahl, 1975). 
Meyerrleck's (1960) field observations suggested that different sized herons may 
partition food resources through differences in prey-species preferences, hunting 
styles, leg lengths and social interactions. These possibilities have been explored in 
further detail by Jenni (1969). Willard (1977) and Kushlan (1976). Ecological 
partitioning of nest-sites by heron have been studied by Jenni (1969) and 
McCrimmon Jr. (1978) & Burger (1982). 
Studies on the behavioural ecology gives information about behavioural aspect in 
terms of allocation of time to different activities and its effect on the foraging 
efficiency during different time of the year. I conducted a comparative study on 
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behavioural ecology of four species of storks but concentrated more on the 
Blacknecked stork as it spends most of the time of the year inside the Park. While 
the other three species (Whitenecked. Painted and Openbill storks) were not seen 
throughout the year and were not always easy to observe. Some studies on the 
storks in Keoladeo National Park have been conducted, but this is the first attempt 
to do a quantitative analysis of the stork behaviour during different hours of the day. 
6.2 Method 
All behavk)ural observations were taken using focal animal sampling method 
(Altman, 1974) where a single individual was followed throughout the observation 
period. Once in a week one full day observation was carried out to study different 
activities during different hours of the day. The activities recorded were: 
1. Foraging: when stories were searching for food and pecking or holding a fish. 
2. Walldng: wading through wetland in search of food or towards a mound or 
towards juveniles. 
3. Flying: took a flight. 
4. Resting, sitting on the mound by folding its tarsus. 
5. Preemng: maintaining the feathers after a bath or long flight. 
6. Standing: standing on one leg or both. 
7. Diinkmg: dipping bill in water then moving in upward direction. 
8. Bathing: taking bath during hot summer. 
9. Feedmg juvenile: regurgitating food for juveniles. 
10. Up-down display. Up-down greeting display by adult male and female. 
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These activities were recorded for all the four species of storks. The study on the 
behavioural ecology was started in Novemt)er 1994 with main emphasis on the 
Blacknecked stork (BNS). 
6.3 Analyses 
The study on behavioural ecology was started in 1994 with main emphasis on BNS. 
Data on other three species were also collected. The Whitenecked stork is more 
elusive and shy of all the four species and this was a major constrain. Analyses of 
Blacknecked stork data were divided by sex and by time of the day which were 
further classified into shifts such as 0600-0900, 0900-1200, 1200-1500 and 1500-
1800 hours. I used t-test to find the difference in activities of male and female 
Blacknecked stork. These analyses were done by using STATA 5.0 (1997). 
6.4 Results 
a. Walking The legs of storks are well adapted for walking in water. In shallow 
water, the movements were slow and deliberate. While feeding the head and neck 
are lowered and slightly retracted to a crouching position and the foot is raised and 
placed firmly ahead. 
Sometimes the Blacknecked storks were seen running after fishes in shallow water. 
These descriptions are similar to those given by Hancock et al., (1992). 
The walking style of Painted stork differed a lot from other storks. Painted were 
seen taking smalt steps slowly with bill half dipped in water and closing it rapidly 
after encountering any fish. Painted storks were observed doing foot-stirring with 
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one leg. Openbill observed simply walking in water and digging out snails in wet 
ground. 
b. Preening Preening is the most frequently used activity observed in all the four 
species. The entire body surface except head and upper neck can be reached by 
the bill. The eyes were dosed and opened during a preening bout. Birds pause 
briefly to preen while feeding, resting. In preening, the neck is bent and the bill is 
inserted among the bases of the plumes from the under surface of the wing. The 
storks preens its wings more frequently than any other part of the body. The 
feathers are large and many of these get disananged by the wind or by contact 
with the body. The wings are moved about vigorously during running and display. 
The neck is the second most frequently preened area and the remaining area of 
the body surface such as the back, rump and flanks are moved little or are only 
sparsely feathered and therefore require only occasbnal preening. They 
occasionally nibble at its unfeathered tarsus and is probably pick at loose pieces of 
scaly skin. 
c. Resting The storks sit on the ground by fokling tarsi in outward direction. A 
major portion of the daylight hours is devoted to this behaviour if there is no 
disturbance. They often sleep during the day. 
d. Standing Standing is observed usually during aftemoon after k>ng foraging 
hours. The stork usually stand for hours on both legs and son>etimes on one leg, 
half folded. Probably it gives them more rest. 
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e. Drinking A Stortc usually drinks while standing. Quick drinks may be taken at 
any time but prolonged drinking periods of five to ten minutes most often occur 
after a stori< has been actively feeding, or soon after it awakens. 
f. Bathing Bathing most often occurs in the afternoon. Bathing involves sitting in 
water and splashing it rapidly all over the body. Bathing usually takes five to ten 
minutes followed by long bouts of preening of feathers, flapping of wings and then 
resting. 
g. Foraging Foraging involves searching for food. A large fish is usually eaten 
after breaking it into small pieces while a small prey is swallowed immediately. 
h. Up-Down display It has been described by Kahl (1971a, 1973) after studying 
the social behaviour of storks for 11 years. In this spectacular Up-Down display, 
t>oth birds stand erect, facing each other, and spread their wings widely to the 
sides, so that their wing-tips are almost touching. They then datter their bills rapkJIy 
and loudly, while holding them in approximately the normal position, and flutter their 
wings rapkJIy. This display was usually given by the Blacknecked stori< when a 
third individual of the same species was present. This was observed many times on 
the nest and while feeding (Fig 6.5 & 6.6). 
Blacknecked stork 
I calculated the percentages of all defined activities per hour according to the time 
of the day. In the Blacknecked stotk, foraging, preening and standing were 
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observed more during morning hours. Up-down display, feeding of juvenile were 
nDore prominent in noon while bathing was observed only during afternoon. 
Preening and standing were seen during evening time (Fig 6.1). 
The female Blacknecked stork spent more time on preening and standing during 
morning hours. The noon time was much devoted to bathing, drinking and feeding 
juvenile. Evening was spent in foraging and flap display (Fig 6.2). 
The t-test showed no significant difference between the activities of male and 
female Blacknecked stork (p>0.0001, df=2851, t= -1.6198). 
I calculated the percentages for activities in 1996. The data for this could not 
compared in the same manner as 1995 due to limited data set. The maximum time 
spent was on resting (32%), standing (35%) by female Blacknecked stork and male 
Blacknecked stotk spent more time in foraging (25%), standing (41%) and resting 
(15%) (Fig 6.3 & 6.4). 
Painted stork 
It was not possible to divide the data of Painted stork into different shifts due to 
limited data set. Maximum time was spent in foraging (50%), then standing (19%), 
and resting (15%) while least on walking (0.80%) and flying (2%) (Fig 6.7). 
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Fig.6.1.Activity Budget of Male Blacknecked stork 1995 
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Fig.6.3.Activity Budget of Male Blacknecked Stork in 1996 
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Fig.6.4.Activity Budget of Female Blacknecked Stork in 1996 
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Fie,. 6.5 A Blacknecked stork 9ives an up-down 
with head raised to behind the vertical. 
Fie,. 6.6 A Blacknecked stork in the "full-back" 
position durini;^  up-down on the nest. 
152 
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Openbill stork 
The data set of Openbill stork could not be divided into shifts due to limited data 
set. Like the Painted stork, it also spent maximum time on foraging then on feeding 
juveniles (36%) and standing (32%) (Fig 6.8). 
6.4 Discussion 
A bimodal activity pattern was seen in Blacknecked stork. It spends much of its 
moming and evening time in foraging, while resting, bathing and standing activities 
occur mostly in the afternoon. This kind of bimodal distributkm has been reported 
for Snowy Owls Nyctea scandiaca (Boxall & Ross, 1989). Capercallie Tetrao 
urogallus (Gjerde & Wegge, 1987), Canada geese Bmnta canadensis (Et>erherdt et 
al, 1985). Gadwall (Anas strepera) and Northem shoveller {Anas clypeata) (Webb 
& Brotherson, 1988). 
The possible explanatk>n for the Blacknecked storks' foraging in the moming and 
evening could be the movement of fishes towards the surface for respiration as the 
dissolved oxygen concentration goes down with the decrease in rate of 
photosynthesis (Kushlan, 1978). This gives ample opportunity to the storks to feed. 
Aftemoon is the time when temperature rises, so more drinking and bathing were 
seen. 
I observed the effect of wind velocity on the rate foraging of these stork and other 
water birds. I could not measure the speed of wind but whenever the weather was 
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Fig.6.8.Activity Budget of Openbill Stork in 1996 
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windy, most of the time, birds were observed resting or standing. Probably wind 
increases the searching time for fish as wind disturb and generate wave on water 
surface which possibly mattes foraging difficult. 
Some species of Ardeidae exhibit a diurnal way of life, while others are nocturnal. 
In some species, time of feeding may also be related to tides (Kushlan, 1978). The 
concept of time and energy budget and its role in the annual and diurnal activity 
cycles has been developed by the contributions of several authors (Orians, 1961). 
Diumal activity budgets of adult female Canada geese had been studied by the 
Ebemdt et al., (1985). They found that habitat type influence the activity budgets. 
The time allocated to different activities differed significantly in Canada geese. 
How animals budget their time may provide insight into their biological 
requtfements (Ortega, 1988). Activity differences observed between sexes, age 
classy and conspecific groups (Kruuk, 1972; Schaller, 1972) may aid 
understanding of factors that influence how an individual spends its time. 
OpentNN and Painted stories were usually obsen/ed foraging in flocks. Individuals in 
a group are less likely to be attacked by a predator than solitary individual 
(Kenward, 1978). It is widely accepted ttiat time budgets of individual birds foraging 
in groups are influenced by the numbers of individuals in the group (Saino, 1994). 
According to Gibbs (cited in Jared Vemer, 1965) smaller species spend a longer 
time foraging than do larger ones. Larger bird species may exhibit normal aftemoon 
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rest periods but this is less lil<ely to be true for small species. Vemer (1965) 
emphasised that if food can be obtained at one time of the day than another, 
selection should favour those individuals that forage at that time, leaving more time 
for other activities. 
The most effictent period for foraging for Blacknecked stork was moming and 
evening and rest during aftemoon when temperature reaches a maximum. Similar 
kind of pattern was seen in other spedes of storks also but I did not have 
substantial amount of data which can be categorised into different shifts of the day. 
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Appendix-I 
ecklist of Birds seen during 1994-1996 in Keoladeo National Paric 
Scientific Names 
1 Podiceps ruficollis 
2 Pelicanus onocrotalus 
3 Pelecanus philippensis 
4 Phalacrocorax carbo 
5 Phalacrocorax fuscicollis 
6 Phalacrocorax niger 
7 Anhinga rufa 
8 Ardea cirierea 
9 Ardea purpurea 
10 Ardea striatus 
11 Ardeolagrayii 
12 Bubulcuslbis 
13 Ardea alba 
14 Egretta intermedia 
15 Egretta garzetta 
16 Nycticorax nycticorax 
17 Gorsachius melanolophus 
18 Ixobrynchus dnnamomeus 
19 Ixobrynchus sinensis 
20 Ixobrynchus flavicollis 
21 Botaurus stellaris 
22 Mycteria leucocephala 
23 Anastomus oscitans 
24 Ciconia episcopus 
25 Ciconia ciconia 
26 Ephippiorhynchus asiaticus 
27 LeptopUlos javanicus 
28 Threskiomis aethiopica 
29 Plegadis falcinellus 
30 Platalea leucorodia 
31 Phoenicopterus roseus 
32 Anser erythropus 
33 Anser anser 
34 Anser indicus 
35 Dendrocygna javanica 
36 Tadoma fenvginea 
37 Anasacufa 
38 Anas crecca 
39 Anas poecilorhyncha 
40 Anas platyrhynchos 
41 Anasstrepera 
42 Anaspenelope 
43 Anas querquedula 
44 Anasclypeata 
45 Nelfa rufi^ na 
46 Aythya ferine 
Common Name 
Uttle grebe 
Rosy pelican 
Dalmatian Pelecan 
CoHDorant 
Indian shag 
Uttle Cormorant 
Darter 
Grey Heron 
Purple heron 
Little Green Heron 
Paddy bird 
Cattle egret 
Large Egret 
Smaller Egret 
Little egret 
Night Heron 
Tiger bittem 
Chestnut Bittem 
Yellow Bittem 
Black Bittem 
Bittem 
Painted stork 
Openbill stork 
Whitenecked stork 
White stork 
Blacknecked stork 
Lesser adjutant 
White Ibis 
Glossy Ibis 
Spoonbill 
Flamingo 
Lesser whitefronted goose 
Greylag goose 
Barheaded Goose 
Lesser Whistling teal 
Ruddy Shelduck 
Pintail 
Common teal 
Spotbill duck 
Mallard 
GadwatI 
Wigeon 
Garganey 
Shoveller 
Redcreasted Pochard 
Common Pochard 
Family 
Podicipediidae 
Pelecanidae 
Pelecanidae 
Phalacrocoracidae 
Phalacrocoracidae 
Phalacrocoracidae 
Phalacrocoracidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ardeidae 
Ciconiidae 
Ciconiidae 
Ciconiidae 
Ciconiidae 
Ciconiidae 
Ciconiidae 
Thresktomlthidae 
Threskiomithidae 
Threskiomithidae 
Phoenicopteridae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
Anatidae 
47 Aythya nyroca 
48 Aythya fuligula 
49 Aythya mania 
50 Nettapus coromandelianus 
51 Sarkidiornis melanotos 
52 Elanus caeruleus 
53 Pernis ptilorhynchus 
54 /Vf;/ws migrans govinda . 
55 Haliastur Indus 
56 Accipiter badius 
57 Accipiter nisus 
58 Butastur teesa 
59 l-lieraaetus pennatus 
60 /4qu/7a heliaca 
61 /\qiu/7a rapax vindhiana 
62 i4qu/7a rapax nipalensis 
63 yAqu//a clanga 
64 >4qu/7a pomarina hastata 
65 Haliaeetus leucoryphus 
66 Icthyophaga icthyaetus. 
67 Sarcogyps calvus 
68 Gyps indicus 
69 Gyps bengalensis 
70 Nephron percnopterus 
71 Circus pygargus 
72 Circus melanoleucos 
73 C/rcus aeruginosus 
74 Circetus gallicus 
75 Spilomis cheela 
76 Pandion haliaetus 
77 Fa/co subbtrfeo 
78 Fa/co chiquera 
79 Fa/co tinnunculus 
80 Francolinus francolinus 
81 Francolinus pondicehanus 
82 Perdicula asiatica 
83 Pa I/O cristatus 
84 Turn/x susc/fafor 
85 Grusgrus 
86 Grus antigone 
87 Grus leucogeranus 
88 Rallus aquaticus 
89 ^a//ws striatus 
90 Porzana pusilla 
91 Porzana porzana 
92 Porzana fusca 
93 Amauromis akool 
94 Amauromis phoenicurus 
95 Gallicrex cinerea 
96 Gallinula chloropus 
White-eyed Pochard 
Tufted Duck 
Scaup duck 
Cotton teal 
Comb duck 
Blackwinged Kite 
Creasted Honey Buzzard 
Pariah Kite 
Brahminy Kite 
Indian Shikra 
Indian Sparrow-Hawk 
White-eyed Buzzard Eagle 
Booted Hawk-Eagle 
Imperial Eagle 
Tawny eagle 
Eastern steppe eagle 
Greater Spotted Eagle 
Lesser Spotted Eagle 
Ringtailed Fishing Eagle 
Greyheaded Fishing Eagle 
King Vulture 
Indian Longbilled Vulture 
Whitebacked Vulture 
Indian Scavenger Vulture 
Montagu's Harrier 
Pied Harrier 
Marsh Harrier 
Short-toed Eagle 
Crested Serpent Eagle 
Osprey 
Hobby 
Redheaded Mertin 
Kestrel 
Black Partridge 
Grey Partridge 
Jungle Bush Quail 
Common Peafowl 
Common Bustard-Quail 
Common Crane 
Sarus Crane 
Siberian Crane 
Indian Water Rail 
Bluebreasted Banded Rail 
Baillon's Crake 
Spotted Crake 
Ruddy Crake 
Brown Crake 
Whitebreasted Waterhen 
Watercock 
Indian Moorhen 
Anatldae 
Anatidae 
Anatldae 
Anatidae 
Anatidae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Acdpitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Accipitridae 
Falconidae 
Falconidae 
Falconidae 
Accipitridae 
Phasianidae 
Phasianidae 
Phasianidae 
Phasianidae 
Phasianidae 
Gruidae 
Gruidae 
Gruidae 
Rallidae 
Rallidae 
Rallidae 
Rallidae 
Rallidae 
Rallidae 
Rallidae 
Rallidae 
Rallidae 
47 Aythya nyroca 
48 Aythya fuligula 
49 Aythya mania 
50 Nettapus coromandelianus 
51 Sarkidiomis melanotos 
52 Elanus caeruleus 
53 Pem/s pfitoft)ynchus 
54 Milvus migrans govinda 
55 Haliastur Indus 
56 Acclplter badlus 
57 Acclplter nisus 
58 Bufasfur (eesa 
59 HIeraaetus pennatus 
60 >lQu//a hellaca 
61 Aqulla rapax vindhlana 
62 q^fu/Za rapax nipalensis 
63 /lQu//a danga 
64 /lqf(i//a pomarina hastata 
65 Hallaeetus leucoryphus 
66 Icthyophaga Icthyaetus. 
67 Sarcogyps calvus 
68 Gypsindicus 
69 Gyps bengalensis 
70 Nephron percnoptenis 
71 Orcus pygargus 
72 Circus melanoleucos 
73 CIKUS aeruginosus 
74 CIrcetus gallicus 
75 Spllomis cheela 
76 Pandion hallaetus 
77 Fa/co subbuteo 
78 Faico chlquera 
79 FaIco tinnunculus 
80 Francollnus firancollnus 
81 Francollnus pondicerianus 
82 Perdicula asiatica 
83 Pavo cristatus 
84 Tumix suscitator 
85 Grusgrus 
86 Grusantigone 
87 Grus leucogeranus 
88 Ra//us aquaticus 
89 Rallus strlatus 
90 Porzana pusilla 
91 Porzana porzana 
92 Porzana fusca 
93 Amauromis akoo/ 
94 Amauromis phoenlcurus 
95 Galllcrex cinerea 
96 Galllnula chloropus 
White-eyed Pochard 
Tufted Duck 
Scaup duck 
Cotton teal 
Comb duck 
Blackwinged Kite 
Greasted Honey Buzzard 
Pariah Kite 
Brahminy Kite 
Indian Shikra 
Indian Sparrow-Hawk 
White-eyed Buzzard Eagle 
Booted Hawk-Eagle 
Imperial Eagle 
Tawny eagle 
Eastern steppe eagle 
Greater Spotted Eagle 
Lesser Spotted Eagle 
Ringtailed Fishing Eagle 
Greyheaded Fishing Eagle 
King Vulture 
Indian Longbilled Vulture 
Whitebacked Vulture 
Indian Scavenger Vulture 
Montagu's Harrier 
Pied Harrier 
Marsh Harrier 
Short-toed Eagle 
Crested Serpent Eagle 
Osprey 
Hobby 
Redheaded Merlin 
Kestrel 
Black Partridge 
Grey Partridge 
Jungle Bush Quail 
Common Peafowl 
Common Bustard-Quail 
Common Crane 
Sarus Crane 
Siberian Crane 
Indian Water Rail 
Bluebreasted Banded Rail 
Baillon's Crake 
Spotted Crake 
Ruddy Crake 
Brown Crake 
Whitebreasted Waterhen 
Watercock 
Indian Moorhen 
Anatidae 
Anatklae 
Anatidae 
Anatidae 
Anatidae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Acdpitridae 
Falconklae 
Falconidae 
Falconklae 
Acdpitridae 
Phasiankiae 
PhasiankJae 
Phasiankiae 
PhasiankJae 
Phasianidae 
Gruidae 
Gruidae 
GrukJae 
Rallidae 
Rallidae 
RallkJae 
Rallidae 
Rallidae 
Railklae 
Rallidae 
Rallidae 
Rallidae 
97 Porphyria porphyho 
98 Fulica atra 
99 Hydrophasianus chirurgus 
100 Metopidius indicus 
101 Vanellus leucurus 
102 Vanellus vanellus 
103 Vanellus indicus 
104 Charadrius dubius 
105 Limosalimosa 
106 Tnnga erythropus 
107 Tringatotanus 
108 Tringa stagnatilis 
109 Tringa nebularia 
110 Tringa ochropus 
111 Tringa glarec^a 
112 Tringa hypoleucos 
113 Gallinago gallinago 
114 Calidris minuta 
115 Calidris temminckii 
116 Rostratula bengalensis 
117 Himantopus himantopus 
118 Recurvirostra avosetta 
119 Buriiinus oedicnemus 
120 Cursorius coromandelicus 
121 Glareola pratincola 
^22 Glareola lactea 
123 Lams brunnicephalus 
124 Lams ridibundus 
125 Chlidonias hybridus indbus 
126 Chlidonias niger 
127 Gelochelidon nilotica 
128 Sterna aurantia 
129 Sterna albifrons 
130 Columbalivia 
131 Treron pheonicoptera 
132 Streptopelia orientalis 
133 Streptopelia decaocto 
134 Streptopelia (Sinensis 
135 Streptopelia senegalensis 
136 Psittacula eupatria 
137 Psittacula Ivameri 
138 Cuculus canoms 
139 Cacomantis passerinus 
140 Clamatorjacc^inus 
141 Cuculus varius 
142 Eudynamys scolopacea 
143 Taccocua leschenaultii 
144 Centropus sinensis 
145 Otus bakkamoena 
146 Bubo bubo 
147 Butio coromandus 
Indian Purple Moorhen 
Coot 
Pheasant-tailed Jacana 
Bronzewinged Jacana 
Whitetalled Lapwing 
Lapwing, Peewit 
Redwattled Lapwing 
Indian Little Ringed Plover 
Blacktailed Godwit 
Spotted Redshank 
Common Redshank 
Marsh Sandpiper 
Greenshank 
Green Sandpiper 
Spotted Sandpiper 
Common Sandpiper 
Fantail Snipe 
Little Stint 
Temminck's stint 
Painted Snipe 
Blackwinged Stilt 
Avocet 
Stone Curlew 
Indian Courser 
Collared Pranticole 
Small Indian Pratincole 
Brownheaded Gull 
Blackheaded Gull 
Indian Whiskered Tem 
Black Tem 
GulltMlled Tem 
Indian River Tem 
Little Tem 
Blue Rock Pigeon 
Yellow-legged Green Pigeon 
Rufous Turtle-Dove 
Indian Ring Dove 
Spotted Dove 
Little Brown Dove 
Alexandrine Parakeet 
Rose-ringed Parakeet 
The Cuckoo 
Indian Plaintive Cuckoo 
Pied Crested Cuckoo 
Common Hawk-Cuckoo 
Koel 
Siriteer Cuckoo 
Crow-Pheasant 
Collared Scops Owl 
Great Homed or Eagle-Owl 
Dusky Homed Owl 
RallkJae 
Rallidae 
Jacanidae 
Jacanidae 
Charadriidae 
Charadriidae 
Charadriidae 
Charadriklae 
Charadriklae 
Charadriidae 
Charadriklae 
Charadriklae 
Charadriidae 
Charadriklae 
Charadriklae 
Charadriklae 
Charadriklae 
Charadriklae 
Charadriidae 
Rostratulidae 
Recurvirostridae 
Recurvirostridae 
Burhinklae 
Glaredidae 
Glareolidae 
Glaredidae 
Laridae 
Laridae 
Larklae 
Laridae 
Laridae 
Laridae 
Laridae 
Columbidae 
Columbidae 
Columbidae 
Columbidae 
Columbklae 
Columbidae 
Psittaddae 
Psittacklae 
Cuculklae 
Cuculklae 
Cuculklae 
Cuculklae 
Cuculklae 
Cuculklae 
Cuculklae 
Strigklae 
Strigklae 
Strigklae 
48 Athene brama 
49 Caprimulgus asiaticus 
50 Apus melba bakeh 
51 Apus apus 
52 Apus afTinis subfurcatus 
53 Cypsiurus parvus 
54 Cerylerudis 
55 Alcedo atthis 
56 Halcyon smymensis 
57 Merops philippinus 
58 Merops ohentalis 
59 Coracias benghalensis 
60 Upupaepops 
61 Tockus birostris 
62 Megalaima zeylanica 
63 Megalaima haemacephala 
64 Jynx torquilla 
65 Dinopium benghalense 
66 Picoides mahrattensis 
67 Picoides nanus 
68 Mirafra javankia 
69 Eremopterix grisea 
70 Ammomanes phoenicurus 
71 Calandrella dnerea 
72 Galerida cristata 
73 Alauda gulgula 
74 Hirundo concolor 
75 Riparia paludicola 
76 Hirundo rustica 
77 Hirundo smithii 
78 Hirundo fluvicola 
79 Hirundo daurica 
80 Lanius excubitor 
81 /^n/us vittatus 
82 Lanius schach 
83 Oriolus oriolus 
84 Dicrurus adsimilis 
85 0/crurus caeni/escens 
86 Stumus pagodarum 
87 Stumus roseus 
88 Stumus vulgaris 
89 Stumus contra 
90 Acridotheres tristis 
91 Acridotiieres ginginianus 
92 Dendroc/tta vagabunda 
93 Corvus splendens 
94 Corvus macrortiynchos 
95 Tephrodomis pondKerianus 
96 coracina novaehollandiae 
97 Pericrocotus flammeus 
Spotted Owlet 
Common Indian Nightjar 
Alpine Swift 
The Swift 
House Swift 
Palm Swift 
Lesser Pied Kingfisher 
Small Blue Kingfisher 
Whitebreasted Kingfisher 
Bluetailed Bee-eater 
Green Bee-eater 
Indian Roller 
Hoopoe 
Grey Hombill 
Large Green Barbet 
Crimsonbreasted Barbet 
Wryneck 
Lesser Goldenbacked 
Woodpecker 
Yellowfronted Pied Woodpecker 
Pygmy Woodpecker 
Singing Bush Lark 
Ashycrowned Finch lark 
Indian Rufoustailed Finch Lark 
Short-toed Lark 
Crested Lark 
Eastern Skylark 
Dusky Crag Martin 
Plain Sand Martin 
Swallow 
Wiretailed Swallow 
Cliff Swallow 
Striated Swallow 
Grey Shrike 
Baybacked Shrike 
Rufoust}acked Shrike 
Golden oriole 
King Crow 
Whitebellied Drongo 
Brahminy Myna 
Rosy Pastor 
Starling 
Indian Pied Myna 
Common Myna 
Bank Myna 
Indian Tree Magpie 
House Crow 
Jungle Crow 
Common Wood Shrike 
Large Cuckoo-shrike 
Scariet Minivet 
Strigidae 
Caprimuigidae 
Apodidae 
Apodidae 
Apodidae 
A|xxJidae 
Alcedinidae 
Alcedinidae 
Alcedinidae 
Meropidae 
Meropidae 
Coracidae 
Upupidae 
Bucerotidae 
Capitonidae 
Capitonidae 
Piddae 
Picidae 
Piddae 
Piddae 
Alaudidae 
Alaudidae 
Alaudidae 
Alaudidae 
Alaudidae 
Alaudidae 
Hirundinidae 
Hirundinidae 
Hirundinidae 
Hirundinidae 
Hirundinidae 
Hirundinidae 
Laniidae 
Laniidae 
Laniidae 
Oriolidae 
Dicruridae 
Dicruridae 
Stumidae 
Stumidae 
Stumidae 
Stumidae 
Stumidae 
Stumidae 
Corvidae 
Corvidae 
Corvidae 
Campephagidae 
Campephagidae 
Campephagidae 
198 Pericrocotus cinnamomeus 
199 Aegithina tiphia 
200 Aegithina nigrolutea 
201 Pycnonotus leucogenys 
202 Pycnonotus cafer 
203 Chrysomma sinense 
204 Tuixioides caudatus 
205 Turdoides malcolmi 
206 Turdoides striatus 
207 Muscicapa ruficauda 
208 Muscicapa parva 
209 Muscicapa thalassina 
210 Culicicapa ceylonensis 
211 Rhipidura aureda 
212 Terpsiphone paradisi 
213 Cisticola juncidis 
214 Prinia buchanani 
215 Prinia suMava 
216 Prinia sociaUs 
217 Orthotomus sutorius 
218 Acroceptialus stentoreus 
219 Acrocep/ia/us agnfco/a 
220 Sylvia curra 
221 Phylloscopus inomatus 
222 Erithacus calliope 
223 Erithacus svecicus 
224 Copsycus saularis 
225 Saxicola torquata 
226 Saxicola caprata 
227 Oenanfhe oenanf/je 
228 Saxicoloides fulicata 
229 Zoothera cUrina 
230 Paws major 
231 Sitta castar^a 
232 Anthus hodgsoni 
233 Anthus novaesselanidiae 
234 Anthus campestris 
235 Motacilla flava 
236 Motacilla citreola 
237 Motacilla cinerea 
238 Motacilla a/ba 
239 Motacilla maderaspatensis 
240 Nectarinia asiatica 
241 Zosterops palpebrosa 
242 Passer domesticus 
243 Passer hispaniolensis 
244 Petronia xanthocollis 
245 Ploceus phBippinus 
246 Ploceus benghalensis 
247 Ploceus manyar 
248 Estrilda amandava 
Small Minivet 
Common lora 
Marshall's lora 
Whitecheeked Bulbul 
Redvented Bulbul 
Yelloweyed Babbler 
Common Babbler 
Large Grey Babbler 
Jungle Babbler 
Rufoustailed Flycatcher 
Redbreasted Flycatcher 
Verditer Flycatcher 
Greyheaded Flycatcher 
Whitebrowed Fantail Flycatcher 
Indian Paradise Flycatcher 
Streaked Fantail Warbler 
Rufousfronted Wren-Warbler 
Plain Wren-Warbler 
Ashy Wren-Warbler 
Tailor Bird 
Indian Great Reed Warbler 
Paddyfiekl Warbler 
Lesser Whitethroat 
Yellowbrowed Leaf Warbler 
Rubythroat 
Bluethroat 
Magpie-Robin 
Collared Bushchat 
Pied Bushchat 
Wheatear 
Indian Robin 
Orangeheaded Ground Thrush 
Grey Tit 
Chestnutbellied Nuthatch 
Indian Tree Pipit 
Paddyfield Pipit 
Tawny Pipit 
Greyheaded Yellow Wagtail 
Yellowheaded Wagtail 
Grey Wagtail 
White Wagtail 
Large Pied Wagtail 
Purple Sunbird 
Indian White-eye 
House Sparrow 
Spanish Sparrow 
Yellowthroated Sparrow 
Baya 
Blackthroated Weaverbird 
Streaked Weaverbird 
Red Munia 
Campephagidae 
Irenidae 
Irenklae 
Pycnonotidae 
Pycnonotidae 
Musdcapidae 
Muscicapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
Musdcapidae 
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Motadllidae 
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Nectariniidae 
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Pk>eceidae 
Ploeceidae 
Ploeceidae 
249 Lonchura malabarica Whitethroated Munia Ploeceidae 
250 Lonchura punctulata Spotted Munia Ploeceidae 
251 Carpodacus erythrinus Common Rose Finch Fringiliidae 
252 Embenza bruniceps Redheaded Bunting Emberizidae 
Appendix-ll 
List of Mammals 
Common Name 
Sambhar 
Blackbuck 
Spotted Deer 
Hyaena 
Bluebull 
Rhesus 
Jungle Cat 
Fishing Cat 
Golden Cat 
Flying Fox 
Small Indian Mongoose 
Common Mongoose 
Smooth Indian Otter 
Wild Boar 
Porcupine 
Scientific Name 
Cervus unicolor 
Antilope cenricapra 
Axis axis 
Hyaena hyaena 
Boselaphus tragocamelus 
Macaca muletta 
Felis chaus 
Felis vivenina 
Cams aureus 
Pteropus gigantius 
Herpestes auropunctatus 
Herpestes edwardsi 
Lutralutra 
Sus scrofa 
Hystrix indica 
